0 0 3- 1 0 4 9 13 



factor 1-40, human; growth hormone releasing factor 1-40, amide, human; growth hormone 
releasing far tar 30-44, amide, human; growth hormone releasing factor, mouse; growth 
hormone releasing factor, ovine; growth hormone releasing factor, m; biottnyJ- growth 
hormone releasing factor, rat; GMKP4 {[His 5 , Lys^-GHRP); hexarefia (grow* hormone 
releasing hexapeptide); and p>Lys J J-GHRP-6. 

GTP-bindmg protein fragment peptides including, but not limited to, [Arg'l-GTP- 
frindisg protein fragment, Gs alpha; GT?-bmdkg protein fragment, G beta; GIF-binding 
protein fragment, GAIpha; OTP-binding protein fragment. Go Alpha; GTP-binding protein 
fragment, Gs Alpha; and GTP-biadmg protein fragment, G Alpha 12. 

Guanyhn peptides including, but not limited to, guanylin, human; gnany&s, rat; and 
urtsguanyJm. , 

Inirihtn peptides including, bat not limited to, inhsbin, bovine; inhibin, alpBa-suburdt 
3-32, human; |T>T^~mhibia, aipha-subunit 1 -32, human; scrninal plasma iahibtn-iika peptide, 
human; jTyr^-swninal plasma inhibtn-lilce peptide, human; inhibin, alpha-submit 5 -3.2, 
porcine; and fTyr a }-inhibift, aipha-subumt 1-32, porcine. 

Insulin peptides including, but not limited to, insulin, human; insulin, porcine; IGF-l, 
human; insuiin-lite growth factor If (69-84); pco-insuiia-like growth factor E (68-102), 
human; pfc-msulin-Hke growth factor II ({ 05-12S), human; [Asp^J-insuim, human; 
{Lys aa, ]-in!tulin, human; fLeu^j-insulin, human; {Va] si8 J-tnfiulin., human; [ Ala^j-insnlis, 
human; {As? m \ Pm^-msuiia, human; fLys**, iW^-insulin, human; [Leu SM , Pro* 3 *]- • 
insulin, human; [Val K *, Pro m *]-itt«nli»> human; and [.Ma BZS , iW^-iesuiia, human, B22- 
B30 insulin, human; B23-B30 insulin, human; B2S-830 insulin, human; B26-BJ0 insulin, 
human; B27-B33 insulin, human; B29-B30 insulin, human; the A chain of human insulin, sad 
the B chain of human insulin. 

toterfeukin peptides mek<iing,bui not linsited to, wterieukin-3 beta 165-181, rat; and 
bterieukm-8 (IL-S, CINC/gro}, rat, 

Laminin peptides including, hut not limited to, larainin; alpha! £I)-CB3 43S-43S, rat; 
and lamioin binding inhibitor. 

Leptie peptides including, but not limited to, leptin 93-505, human; ieptin 22-56, rat; 
Tyr-leptin 26-39, human; and ieptin 1 16-DC, amide, mouse. 



Lewafckin peptides hicfadmg, but not limited to, feucorcyosuppressm {LMS); 
teucopytolcmia (LPK); !e«cokisia 1; ieucoJdnk H; kucokimn Hi; ieucokmm IV'; ieuccMtsin 
VI; kueofcinin Vil; and iextcokinin VWL 

Liitsimsitg hormone-releasing hormone peptides including, but not limited to, aetide; 
Gn-RH n, chicken; iuusu&mg aorsaone-rekssng hormone (LH-RH) (QoRH); biotinyMLH- 
RH; cetrorelix (B-2076I); [D-Ak*)-LH-RH; [Gto*}-LH-RH (Chicken LH-RH); [DLcu*. 
Val T } LH-RH' 1-9, ethyl amide; [»-Lys*J-LH-RH; p-Pta?, P^D-Phe*}-LH-aH; [DPhe*, 
DAla*} LH-RH; [Des-Gly^-LH-RH, etfeyi amide; [D-Ala 4 , Des^ty^LHWRB, ethyl amide; 
prrp s RK-Ra ethyl amide; [B-Trp 6 , Des-GJy^-LH-RH, emyl amid* (Desbmik}; 
[DSerCBut)*, Des-GV^-LK-RH, ethyl amide; ethyi amide; leuprolide; LH-RH 4-10; LH-RH 
740; LH-RH, fiee acid; LH-RH, lamprey; LH-RH, salmon; fLys*)-LH-RH; [Trp 7 ,L«u s ] LH- 
RH, tec acid; and [(t-Bti)DSer 4 , (AzaKVI^H-RH. 

Mastoparan peptides including, but not limited to, masfopantn; mas?; tnasS; mas! ?; 
and mastopartm X. 

Mast cell degmnuJatifig peptides including, but not limited to, mm cs'i degranuiatirg 
peptide HR-1; and mast cell degranulating peptide HR-2. 

Melanocyte stimulating hormone (MSH) peptides including, but not limited to, [Ac- 
Cys*J>Phe',Cys ,e ] aipba-MSH 4-13, amide; alpha-melanocyt* stanutatujg hormone; alpha- 
MSH, free add; beta-MSH, porcine; biotmyi-aipha-meianocyte stimulating hormone; 
bfotinyl-fNk^.B-Msl alpha-meianccyte stimulating hormone; [Dea -Acetylj-alpba-MSH; 
[DFhe'l-alpka-MSH, amide; gamma- 1 -MSH, amide; (Lys°]-gamma-i-MSH, amide; MSH 
release inhibiting factor, sraide; [NSe*j-8]pha-MSH, amide; [Nk 4 , 0-Phe 7 ]-alplia-MSH; N- 
Acetyl, £Nk*J3Phe 7 } aipiba-MSH 4-10, amide; beta-MSH, human; and gamraa-MSH. 

Matphiceptm peptides including, -but not limited to, morphiceptio {heta-casGmorphm 
1-4 amide); [B-Pro*}-marphiceptm; and [N-MaPhe^-Pro^-momhiceptin. 

Motilin peptides including, but not limited to, motilirt, canine; motalin, porcine; 
biotinyi-motiHtt, porcine; and [le^J-mosUin, porcine. 

Neuro-peptides including, but not limited to, Ac-Asp-Ghi; sonatina cardio-exeitatory 
peptide- 5 (ACEP-l) (Achatina Silica); adipoksaettc hormone (AKH) (Locast); adipokinette 
hormone (Heliothis zea and Manduca sexta); alytesic; Tahanus atraius adipefcinetic hormone 
(Taa-AKH); adipokiaetie hormone H (L«custa.Bugra.toria), adipofckefe hormone H 
{Schiatocera gregaris); adipokineric hormone 12 (AKH-3); adipokineiic hormone G (AKH- 
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G) (Gryihw bitnaculatus); aiiafotrepia (AT) {Mauduca sexto); silalctropia 6-3 3 (Manduca 
sexta); APQW amide (Lytnnaea stagnaiia); buccalin; Gersfeeilin; fDes-Sct^-cerebelim; 
corazoom (Americas Cockroach Peripl&ceta smencana); crustacean cardioactive peptide 
(CCAP); ermtaeesneiythrophore; DF2 (Procambarus claririi); dtaafepam-biading inhibitor 
fragment, human; diazepam binding tahibitOfSagBwm (ODN); eiedoism related peptide; 
FMRF amide (molluacan csr<iio«xci:atory nsum-peptidt), '' - tin jPE), human; 
granaliberin R; bead activator neuropeptide; {His 7 ]-corazorai3; slick insect 
hypertrehsiosaetnic facto U; Tabanus atrsuis fcypotrenalosernic hormone (Taa-IteTH); 
Moguvactae hydtochtoride; bicucultiaa meihiodide; pipwdme-4-stt!phanic add; joining 
peptide of proopiomelanocortin (PGMC), bovine; joining peptide, rat; KSAYMRF amide (P. 
redivivus); kassinin; kawteosin; icvibde; litorim LUQ Si -91 (AplystacaUfomica); LUQ 83- 
91 { Aplysia csMirtdca); myoasiive peptide I (PertpSanetin CC- 1 ) {KeuM-httrmorte D); 
rayoactive peptide 0 (Peripianctin CC-2); myomoduiin; neuron specific peptide; neuron 
specific eaolase 404-443, rat; neuropeptide EF; neuropeptide K, porcine; NE1 {prepro-MCH 
I3M43) neuropeptide, rat; NGE {prepro-MCH 1 30-128) neuropeptide, rat; NFS 
(Procamb&rus clsrkii); PBAN-1 {Bombyx men); Hat-PBAN {Heliothis tea); SCPB 
(cardioactive peptide from aplysia); seraeioneurin, rat; uperolein; umehtstachykjiias k 
urwhistachySdnin H; xcnopsin-related peptide 3; xencpsin-related peptide H; pedal peptide 
(Pep), aplysia; peptide FVJobster, pbyUcmedasin; poiistea mastoparan; proctoim; rsiiateassa; 
Ro I (Lubber Grasshopper, Romaics mkroptera). Ro II (Lubber Grasshopper, Roaiaiea 
micropiera); SALMF amide t (SI); SAtMF amide 2 (S2); and SCPA 

Neuropeptide Y (NPY) peptides iiscluding, but not limited to, [I«u 3J ,Pfo > *]-. 
tteiftcpeptide V, human; neuropeptide F (Moni«ia cxpansa); B1BF3226 NPY antagonist; Bis 
(31/31'} {[Cys 51 , Trp", Nya*] NPY 31-36); wwopeptide Y, human, rat; neuropeptide Y I- 
24 amide, human; biotitiyl-acuropeptide Y; (D-Tyr 2 ^, B-Thr^-NPY 27-36; Des 10-17 
{cyclo 7-21) {Cy» ?Jl , ?re M ]-NPY; C2-NPY; [Leu 3 *, Pro 1 *] neuropeptide Y. human; 
neuropeptide Y, free acid, human; neuropeptide Y, free acid, porcine; prepro NPY 68-97, 
human; N-acetyJ-(Leu J4 , Leu' 1 ] NPY 24-36; neuropeptide Y, porcine; P-Trp K j-neuropepttde 
Y, porcine; [D-Trp"] NPY 1-35, human; [ Wv0Ttp s l neuropeptide Y, human; [W, 
Pro^-MPY, porcine; NPY 2-36. porcine; NPY 3-36, human; NPY 3-36, paterae; NPY 13- 
36, human; NPY i 3-36, porcine; NPY 56-36. porcine; NPY 18-36, porcine; NPY 20-36; 



. NFY 22-341; NFV 26-36; {Pto^-NPY 1-36, human; pW^-newopeptide Y, porcine; PYX-1 ; 
PYX-2; T4-[NPY(33-36)34; and T>?(OMef ]-«europer*ide Y, human. 

Neurotropic factor peptides including, bat not limited to, glial derived neurotropic 
factor (GDNF); brain derived neurotropic factor (BDHF); and cilJary neurotropic factor 
(CNTF). 

Orexin peptides including, but not limited to. otexai A; orexin B, human; oreacin B, 
tat, mouse. 

Opioid peptides including, but sot limited to, alpha-casein fragment 90-95; BAM- 
1 8P; casemoktnin L; eutsxin D; crystalline; BALDA; dermcttkephalm (deitorphiti) 
CPftyiomedusa sauvagei); £D-Aia s 3-de;torpbiii I; [D-Ala 2 ]-deltorphin U; endomorphm-1; 
endomorpbiu-2; kvotorphin; |DArg J ]-kyotorphin; morphrn tolerance peptide; morphine 
modulating peptide, C-terrninai fragment; morphine modulsfmg rtfuropeptide {A-IS-F-NH2); 
nactceptm [orphans* FQj {GRL1 agonist); TCP; Tyr-MSM; Tyr-W-MJF- 1 ; valarphia; LW- 
hemorphin-o, human; teu-vabrpain-Arg; and 2-Pro-D-L*u. 

{Ocytocin peptides including, but not limited to, [Asu 6 ]-oxytocin; oxytocin; biotinyi- 
oxytocin; [Thr*. Giy'j-oxytoda; and tocinoic acid (jris'j-prsssincic acid). 

PACAP (pituitary adenySating cyclase activating peptide) peptides factatisg, M not 
limited to, PACAP U27, human, ovine, rat; PACAP {l-2rH5iy.ty6-^g-NH2, human; [Des- 
Gk'*|-PACAP 6-27, human, ovine, rat; PACAP38, frog; P ACAP27-NH2. hanaas, ovine, rat; 
bsoiirryl-PACAP2?-NB2, human, ovine, rat; PACAP 6-27, human, ovine, rat; PACAP38, 
human, ovfoe, rat; biotia>i«PACAP3i?, human, ovine, rat; PACAP 6-38, human, ovine, rat; 
PACAP27-NH2, human, ovine, rat, bictmyt~PACA?27-NH2, hwnaa, ovine, rat; PACAP 6- 
27, human, ovine, rat; PACAP38, human, ovine, rat; biotiayl-PACAP3«, human, ovine, rat; 
PACAP 6-38, feumaa, ovine, rat; PACAF38 J 6-38, human, ovine, rat; PACAP38 31-38, 
sumac, ovine, rat; PACAP3S 31-38, human, ovine, rat; PACAP-rdated peptide (PR?), 
human; and PACAP-related peptide {PRP), rat, 

Pancreastatia peptides including, but not limited to, ohr omostatin, bovine; 
paacreastatin (hPST-52) (chromogranin A 250-301, amide}; panereastatin 24-52 (hPST-29), 
human; chroraogrardn A 286-301, amide, human; pancreastatm. porcine; biotiayt- 
pancraastatin, porcine; [Nle*]-panereastauii, porcine; [Tyr^Me'l-pancreastatin, porcine; 
|Tyt*j-par.crea5ta;irH porcine; pamtatizt 1-19 (chrotnograain A 347-365), porcine; 
pancreastatin (chromograain A 264-3 14-amide, rat; biotinyi-pancreastatiri (btetrayl- 
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«Jw>o»9»mtt A 264-3 14-araide; [Tyt^-paa*ea*atm ( rat; paacfeastatm 26-51 , rat; and 
pancreastatiri 33-49, porcine, 

fincreafic polypeptides ir«iucmg, bat not limited to, pancreatic polypeptide, avian; 
paaaseatk polypeptide, human; C-fagtaent pimcreatie polypeptide acid, imam; C-tragmerrt 
panersatk polypeptide amide, human; pancreaac polypeptide (Sana tetnporaria); pancreatic 
polypeptide, rat; and pancreatic pa lypeptide, salmon. 

Parathyroid hormone peptides including, but sot limited to, [Asp M j-j>aiw*jroid 
hormone 39-84, human; [.^jj'*]- parath><toid honnottc 53-84, human; [Asn' 4 >parathyroid 
hormone 1-84, hormone; f Asn^-para%iwd k>n»one 64-84, human; [Asa 8 , Lew**}- 
pamihyraid hormone 1 -34, human; [^"^parathyroid hormone 5 -34, human; 
hypercalcejjji* maiigaaney factor 1-40; 1 Leu'* j-p^thyroid hormone 1-34, human; 
[Lys{biotinyi) ,J J Nle«' ls , Tyr w ]~parathyrotd hormone 1-34 amid*; [Nle*' is , Tyr 14 ) parathyroid 
hormone .1 -34 amide; [Nte*- 1 *, Tyr^-parathyroid hormone 3-34 amide, bovine; [Me 8 ' 1 *, 
Tyr^l-parathyroid hormone 1-34, human; [Nle s ' !8 f Tyr*] -parathyroid hormone 1-34 amide, 
human; [NJe*'", Tyr J, ]-parathyroid hormone 3-34 amide, human; [Nle w *, Tyr*]- parathyroid 
hormone 7-34 amide, bovine-, [Nte* 31 , Tyr^-parathyroid hormone 1-34 amide, rat; 
parathyroid hormone 44-68, human; parathyroid hormone 1-34, bovine; parathyroid hormone 
3-34, bovine; parathyroid hormone 1-3 1 amide, human; parathyroid hormone 1-34, human; 
parathyroid hormone 13-34, human; parathyroid hormone 1-34, rat; parathyroid hormone i- 
38, human; parathyroid hormone 1-44, human; parathyroid hormone 28-48, human; 
parathyroid hormone 39-68, human; parathyroid hormone 39-84, human; parathyroid 
hormone 53-84, human; parathyroid hormone 69-84, human; parathyroid hormone 70-84, 
humane [?ro M }-peptsde YY (PYY), human; {Tyx^-hYpercateetjUBmaiigisncy factor 1-40; 
[Tyr^-parathyroid hormone 1-44, human; {Tyr^-pmthyroid hormone 1 -34, human; [Tyr 1 ]- 
parathyroid hormone 1-34, human; [Tyr"]-pamthyroid hormone 27-48, human; fTyr H j- 
parathyroid hormone "-34 amide, bovine; (Tyr^l-pamtfcyroid hormone 43-68, human; fTyr", 
Asn ,4 l-parathyroid hormone 52-84, human; and (7yr w }-pamftyroid hormone 63-84, human. 

Parathyroid hormone (PTH)-reia!ed peptides including, but sot limited to, PTHrP 
{[Tyr^-PTHrP 3-36 amide), chicken; hHCF-(l-34)-NH2 (humoral hypercaieemic factor), 
haman; FTH-retated protein 1-34, human; biotinyi-FTK-related protein 1-34, human; f.Tyr 3 }- 
PTH-related protein I -34, human; {Tyr 54 3-PTH-relat«d protein 1 -34 amide, human; PTH- 
rektcd protein 1-37, human; PTH-reiaied protein 7-34 amide, human; PTH-related protein 
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38-64 amide, human; PTH-rsiatsd protein 6746 amide, human; PIH-reSated protein 10% 
HI, human, rat, mease; PTH-related protein 107-1 1 1 free acid; PTH-rakteti protein 107- 
! 38, human; and PTE-related protera 109-1 i 1, htaaan. 

Peptide T peptides fflslttding, bat net limited to, peptide T; £B-Ak ! ]-peptide T; and 
[D--Ala ! ]-peptide T amide. 

Proiacrin-reieistng peptides tnciudmg, but not lirrntedto.pTOlsetffl-releasmgpeptMe. 
31, human; pwlactm-teleasing peptide 20, htsnaa; proiacrm-reieasiag peptide 31, rat; 
proiactto-fele&aing peptide 20, rat; prolactijMeleasttig peptide 31, bovine; sad nrolaesin- 
reieasing peptide 20, bovine. 

Peptide YY (PYY) peptides including, but not limited to, PYY, human; PYY 3-36, 
human; btosinyt-PYY, human; PYY, porcine, rat; and (Leu 31 , Pro }, )-PYY, human. 

Renin substrate peptides including, but not limited to, acetyl, angtotensinoxen 1-14, 
human; angsoteusiriQgen 1-14, porcine; renin substrate tetradecapeptide, rat; [Cys^-renis 
substrate tetradecapeptide, rat; [Leu s ]-«nin substrate tetradecspeptsde, ra^ and fYai'j-retnn 
substrate teirsdeeapeptide, rat. 

Secretin peptides including, but not limited to, secretin, canine; secretin, chicken; 
secretin, human; biotinyl-secretsn, human; secretin, porcine; and secretin, rat 

Somatostatin (GIF) peptides including, but not limited to, 8M-23027; biotinyl- 
somatosiatin; biotinylaterd cortistarin 17, human; cort statis 14, rat; eorrtstatin 17, human; 
fryr 0 ]-cortistaim 17, human; coriistatin 29, rat; [D-Trp^-somatostann; [DTrp*,OCys ( "]- 
sarnatoatatin; [DTrp'.Tyr'^-samatostatin; [r>-Trp u ]-somat»ststin; NTB (Naltriben); [N!e*|- 
sotnatostatin 1-28; octreotide (SMS 201-995); prosomatostann 1-32, porcine; pV*)- 
somatostatin; £Tyr l Homatestaun; [Tyr'HoiBStcjstaim 28 (2-H); fryr lf j~soraato3t&rin; [Tyr e . 
K-Ttp'^omaiastatia; somatostatin; somatostatin antagonist; somatoatatin-25; somatostatin- 
s' somatostatin 2S (1-12); bioun>d somatosmrin-2S; FTy^soinatostatin^S; £L«u s , D-Trp a , 
Tyr^-s«ffiatc*miin-28; biann>'Hleu , , D-Trp a , Tyr 2S ]-sotnatostatin-28; sornatostaun-28 {1- 
14); and somatostatin analog, RC-160. 

Substance P peptides including, but not limited to, G protein antagottist-2; Ac-£Arg* 
Sar 9 , Met(02) li ]-substftiKe P 6-1 5; [Arg J ]-substsnce P; Ac-Trp-3,5-bis(triiiuorotneJbyS) 
benzyl ester; Ae-fArg 4 , Sar 8 , Met(02) t, ]-5ubstsnce F 6A I; fX>-Ala 4 ]-substaTtca P 4-H; [Tyr*. 
D-Phe 7 , D-ffis T ]-substaace P 6-U (sendide); biotinyi-subsiance P; biotttjyi-NTEfArg']- 
subsiance P; [Tyr*]-sobstance?; (Sar', Met<02) 1! }-subsiance P, fD-Pro*, D-Trp 7 ' 9 }- substance 



P; JD-Pro 4 „ Q-Trp^-subtiaoce P 4-1 1; substance ? 4-11; pTrp WJ ]-$uUtancs P; 
J(DeBydTO}pK> M , Pro'j-sabstance P; fOehydro-Pra^-sabstsfiCB P 4-U; [GS« J ,{Ma)Phe®,$at*j- 
substance ? 5- li; [Glp'.Sar*]- substance P S-U; [GJp s ]-sdj$tance P 5-11; aepia-suhsiaaee P 
(substance P 5- U): hexa-sabstance P(stibstance P 6-1 1); [MePbelSa^-sttbstanee P; [Nte il j- 
substance P; Octa-subsumcs P{$ubsisnee P 4-ti); [pGiu* j-bexa-subsfsnce P ([pGlu*]- 
substance P 6-1 3); (jGlu*, D-Pro*}-substance P 6-1 1 ; [(phK>2)Phe ? Nle u J-»ufestMicB P; peista- 
substancs P {substance P 7- U); jPro'l-suhstarsce P; GR73632, substance P 7-11; [Sar 4 j- 
stfbsttnce P4-U; [S&fysabstance P; septide {{pGln*. Pro*}-3ubstarice P & U ); spantide I; 
sulfide II; substance P; substance P, cod; substance P, trout, substaace P antagonist; 
sulMtanesP-Gly-Lys-Arg; substance P 1-4; substance P 1-6; substance P 1-7; substance P I- 
9; decs-substance P (substance P 2-1 1); nona-substance P {substance P 3-1 1); substance P 
letrspeptide {substance P 8- 11); substance P tdpeptide (substance P 9-1 1); substaace P, free 
acid; substance P methyl ester, and {Tyr'.Nk 5 '] substance P. 

Tachykinin peptides inciuding, but not limited to, [Ala 5 , beta-Ate*] neurokinin A 4- 
10; ekdoisin; iocustatachykitun ! (Lom-TK~I) {Locustamigratoria); locustatacbykiniti H 
CLortt-TK-Il) (Locusts migratoria); neurokinin A 4- 10; neurokinin A (neuromedin L, 
substance K); neurokinin A, cod and ttc-ut; biottnyl-neurolanin A (bioiinyi-neuromsdrn L, 
bjotinyi-substanee K); [Tyr^-neurakiran A; £Tyr*)-subst«H>e Ki PR64349; [Lys 3 , Qlf-Qg)- 
gajruna-iactam-Leu^-aeuroJdnta A 3-10; GR83074; GR3?3JS9; GR94800; fBeta-Aia*]- 
neurok inin A 4-1 t); [Nle 1 *] -neuxokinm A 4- 10; (Trp 7 , beJa-Aia*j-neurakimn A 4-10; 
neurokinin B (neuromedin K); biodnyi-neurolririin B (biarmyi-neuromadin K); [MePhe 1 }- 
tjeutokiain B; £Pro'3-«eurokiriKJ B; (Tyr']-neurokinirt B; neanxnedia B, porcine; biotinyi- 
neuromedin B, porcine; neuromedin B-3-0, porcine; neuromedin B-32, pordne; neuromedin B 
receptor antagonist; neuromedin C, porcine; neuromedin N, porcine; neuromedin (U-8), 
porcine; aeuromedm (U-2S), porcine; neuromedin V, rat; neuropeptid*-garnma {gamma- 
preprotaehykiraii 72-92); FG-SCIi; phyiiolitorin; (Le« s ]-payUoutorin (Phyiiomeduss 
sauvages); physaiaciain; pbysateemia Mi; scyiioAkk U, amide, dogfish; senktide, selective 
neurokinin B receptor peptide; [Ser" 1 ] -neuromedin C; beta-preprotacbykrain 69-9 1 , human; 
beta-prsfprotachytdnin HM29, human; tachyplesin I; xenopsin; 8Jidxenopsin25 (xerjiit25), 
human. 

Thyrotropin-releasing hormone (TRH) peptides including, but sot limited So, biotvnyi- 
tfeyvotiopk-teleasirig hormone; (Giu'j-TRK; His-Pro-oiketopiperazine; p-Me-His^-TRK; 
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pGlu-Gfe-Prc-amids; pGte-His; [Phe^-TRB; prepro TRH 33-74; prepro TRH 83-506; 
prepra-TRM 1 60-1© (Ps4, TRH-pote»*iati»8 peptsite); p«pto-TSH 178-199; thyrotrepte- 
teleasing hormone (TRH); TRH, free acid; TRH-SH Pre; and TRH precursor peptide. 

Toxia peptides including, hut not limited to, omcga-agatoxia TK; ageienra, {spider, 
Agetena optiientaj; apamia {honeybee, Apis mellifera}; eakicudine (CaC) {green mamba, 
Bedreasps attgusticeps); cafciseptme (black marnba, Dendroaspis polylepis poiyiepis); 
charybdo toxin (ChTX) (scorpion, Leiurus swinauestriams var, aebrasus); chJototoxin; 
conotoxin GI {marine snaii, Conus geographus); concfoxin C-S {marine snail, Conus 
geegraphus); coaotoxin Ml (Marine Conas magus); aJpha-conotaxir. EI, Cea-us erroiaeus; 
aipha-conotoxin SIA; aipba-coaotoxin Iml; alpfaA-eonotaxia 81 (cone saaii, Conus siriafcis); 
nwero-conotoxia GttJB (marine snail, Conus geographus); omega-conotoxin GVIA (marine 
snail, Coaos gecgrapbus}; omegs-conatoxia MVHA (Conus magus); omega -vonotoxtn 
MVHC (Conus magus); omega-conotoxm SVIB (cone snail, Conns striatts); endotoxin 
inhibitor; geographutoxio t (GTX-i) k-Coaotoxte GH1A); iberioiosia {M^ (scorpion, 
Buthus taraulus); kaiiotoxin 1-37; kaBotoxiii (scorpion, AMroct-onas rnaaretanicus 
maaretaaicua); aiast eeil-degranulating peptide (MCU-peptidc, peptide 401); margsfoxin 
(MgTX) (scorpion, Centruriodes Margarttima}; tienawtoxin NSTX-3 (puntm new guineas 
spider, Nephilia mseulata); PLTX-II (spider, Pleetaurys tristes); seyilatoxin 0eturotc*ui I); 
and sticfaod&ctyia toxia {SfcK>. 

Vasoactivs intestinal peptides (VIP/PHI) including, but not limited to, VIP, human, 
porcine, rat, ovine; VTP-Gly--Lys~Arg--NH2; Motinyl-PHl (biotmyl-PHl-27), porcine; [Glp" 5 ] 
VIP 16-28, porcine; PHI (PHI-27), porcine; PHI (PET-27), rat; PHM-27 (PHI), numao; 
prepro ViP 81-122, human; preproVTP/PHM 1U-122; prepro VBVPHM 156-170; biotmyl- 

Oiatinyi-Pffl), awnan; vasoactive intestinal contractor (endotbelia-beta); vasoactive 
intestinal eciacosa-peptide, chicken; vasoactivs intestmai peptide, guinea pig; biotinyl-VIP, 
human, porcine, rat; vasoactive intestinal peptide 1-12, human, porcine, rat; vasoactive 
intestinal peptide 10-28, human, porcine, rat; vasoactive intestinal peptide 1 1-28, human, 
porcine, rat, ovine; vasoactive intestinal peptide (cod. Gates morbus); vasoactive intestinal 
peptide 6-28; vasoactive intestinal peptide antagonist; vasoactive intestinal peptide antagonist 
flAc-Tyr 1 , D-Pbe J J-GHRF 1-29 amide); vasoactive intestinal peptide receptor antagonist {*■ 
O-B-Phe* Leu i7 }-VTP); and vasoactive intesiinai peptide receptor binding iritebitor, L-8-K, 
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Vasopressin (AOH) peptides ujcliaKcg, but not limited to, vasopressin; f As» !,il f Arg*3- 
vasopressin; vasotocin; [Asu !jS ,Arg s ]-v3Sotoeus; [ly^l-vssopressia; pressfcoio acid- fArg s j- 
dewmiao vasopressin desglycmssaide; (Arg'^vaaopnssia {A VP); [Ar^'j-Yaj^pwssBin 
desgiycrasmide; biotinyi-fArg^-vaaopiesssa (biotinyi-AVP); [D-Arg ! ]- vasopressin; 
desamioc-{Afg s j-vasoprBssm; dessm;u3o-[D-Arg s >YascpTe5sitt (DDAVP); [deannno-{S>-3-{3'-- 
pyridyl-Aia)3-[Arg ! 3-vasopressm', [ i -{beta-Merc apto-bet*, bei&^yotapentamefijyfene 
propionic acid), 2-(C^me«fay!)£yroskie]-[Atg s ]-vasop£essk!; vasopressin metabolite 
neuropeptide {pGla\ Cys*j; vasopressin metabolite neuropeptide (pGl«*, Cys 6 ]; [Lys*]- 
deamino mopressin desgiycinamide; [Lys ! ]-vas.c.pressin; [Mpr i ,Var*,DArg'] -vasopressin; 
[Poe 2 , Be J , Ooj*>v»sopres5in {>Phs\ Ore*]-v««rti>cta); [Axg s ] -vasotocin; and fd(CH2)5, 
TysfMef, Ota^vasotocir,. 

Virus related peptides including, but not limited to, Suorogeaic human. CMV protease 
substrate; HCV core protein 59-68; HCV NS4A protein 18-40 (JT strain); HCV NS4A 
protein 21-34 (JT strain); hepatitis B virus receptor binding fragment; fcepatitus B virus pre»S 
region 120-145; {Ais UT ]-hepatites B virus pra-S region 120-131; herpes virus inhibitor 2; 
HIV envelope prateis fogrnent 254-274; HIV gag fragnasat 129-135; HIV substrate; ? 18 
peptide; peptide T; [3,5 diiodc-Tyr'] peptides T; RISK HTV-1 inhibitory peptide; T20; T21 ; 
V3 decapeptids P 1S-U0; and virus replication inhibiting peptide. 

While certain analogs, fragments, and'or analog fragments of the various polypeptides 
have been described above, it is to fee understood that other analogs, fragments, and/or analog 
fragments that retain ali or some of she activity of the particular polypeptide may also be 
useful in embodiments of the present invention. Analogs may be obtained by various means, 
as will be understood by those skilled in the art. For example, certain amino acids may bs 
substituted for other amino acids in a polypeptide without appreciable Joss of interactive 
binding capacity with structures such as, for example, aruigsn-biading regions of antibodies 
or binding sites on substrate moiecules. As die interactive capacity and nature of a 
polypeptide drug defines its biologies! functional activity, certain amino acid sequence 
substitutions can be made in the amino acid sequence and nevertneiess remain a polypeptide 
wifi like properties. 

In making such substitutions, ihe hydropathic index of amino acids may be 
considered. The importance of the hydropathic amino acid index in conferring interactive 
biologic function on a polypeptide is generally understood in the art. It is accepted mat She 
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relative hydropathic character of the amino acid contributes to the secondary siruetere of the 
resultant polypeptide, which m turn defines the interaction of the polypeptide with other 
molecules, for example, enzymes, substrates, receptors, PNA, antibodies, antigen, and the 
Ufce. Each mono acid has bees assigned a hydropathic index on the bask of its. 
bydrophobietty and charge characteristics as fellows: tseteueine {+4.5); valine (+4.2); leucine 
(+3.8); phenylalanine (-2.8); e^steins/cystine (+2.S); methionine («.&); alanine <■+!.*}; 
glycine (-0.4); tlsreorune (-0.7); serine (-0.8); tryptophan (-0 : 9); tyrosine (-1.3); proline (4,6); 
bistidine (-3.2); gtutamate (-3 5); giutanuae (-3.5); aspartate (-3.5); asparagiae (-3.5); lysine 
(-3.9); and arginiae (-4.5). M will be understood by those skilled in the art, certain ammo ■ 
acids may be substituted by other amino acids having a similar hydropathic index or score 
and still result in a polypeptide with similar biological activity, i e. . still obtain a biological 
functionally equivalent polypeptide. In making such changes, the substitution of amino acids 
whose hydropathic indices are within *2 of each other is preferred, those which are within ±1 . 
of each other are particularly preferred, and those within sb0,5 of each other are even more 
particular ly preferred. 

It is also understood in the art that the substitution of like amino acids can be made 
effectively on the basis of hydrcphiliciry. U.S. Patent 4,554. 101 provides that the greatest 
local average hydrophilietty of a protein, as governed by the hyriiephiliciry of its adjacent 
amino acids, correlates with a biological property of the protein. As detailed in U.S. Patent 
4,554, 101 , the following aydroahiiicity values have been assigned to amino acid residues: 
arginine (+3.0); 5ysir>e (+3.0); aspartate (+3.0 & 1); gtatansate (+-3.0 ± 1); seine (+0.3); 
asparagiae (+0.2); glutamine (+0.2); glycine (0); threonine (-0.4); proline (-0.5 * 1); alanine 
(-0.5); his&ime (-0.5); cysteine {- 1 .0); methionine (-1 .3); valtce (- 1 .5); leucine (-1.8); 
isofeucine (-1 .8); tyrosine (-2 J); phenylalanine (-2.5); tryptophan (-3.4). As is atiderstood by 
these skilled in the art, an amino acid can be substituted for another having a similar 
bydrophilicity value and still obtain a biologically equivalent, and in particular, an 
irnmuriologically equivalent polypeptide. U such changes, the substitution of amino acids 
whose hydrophilicity values ate within *2 of each otiex is preferred, those which are within 
*l of each other are particularly preferred, and those within. ±0.5 of each other are even mare 
particularly preferred. 

As outlined above, amino acid substitutions arc generally therefore based on the 
relative similarity of the amino acid side-chain substttueats, for example, their 
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hydrophobicity, hydrephitety, charge, sue, and the like. Exemplary substitutions (Le., 
aratoo acids that may be toterehanged wi&out significantly altering the bioiogica! activity of 
the polypeptide) that take various of the foregoing characteristics into consideration are well 
known to those of skill in the art and include, for example: arginme and lysine; glutaraafe and 
aspartate; serine and threonine; giutamine and asparagine; and valise, leucine and isoieuctoe, 

k ansborfitnents of the present invention, a substantially nsonodispersed mixture of 
dnig-oligomer conjugates is provided. Prefensfely, at least about 96, 97, 9$ tit 99 percent of 
the conjugates in the mixture have the same molecular weight. Mors preferably,, the mixture 
is a monodisperscd mixture. Even more preferably, the mixture is a substantially purely 
mooodispersed mixture of dntg-cligomer conjugates. Still snore preferably, at least about 96, 
97, 98 or 99 percent of the conjugates to the mixture have the same molecular weight and the 
same molecular structure. Most preferably, the mixture is a purely monodispersed mixture. 

The oligomer may be various ob'gomers comprising a polyatkylene glycol moiety as 
wil! be iffidmtood by those skilled to the art. Preferably, the polyalkylene glycol moiety has 
at least 2, 3, or 4 poiyaHcylene glycol summits. More preferably, thepolyalkylene glycol 
motetyh^3tleast5or6pcIyalkyieaegIy<»l^ua(ts. Most preferably, the poiyslkyleae . . 
glycol moiety of the oligomer has at least 7 polyalkylene glycol subuaits. The polyalkylene 
glycol moiety of the oligomer is preferably a lower alky! polya&yleae glycol moiety such as 
a polyethylene glycol moiety, a polypropylene glycol moiely, or a polybutylene glyeol 
moiety. When the polya&yieae moiety is a polypropylene glycol moiety, the polypropylene 
glycol moiety preferably has a uniform structure. An exemplary polypropylene glycol 
tnotety having a uniform structure is as follows: 

— 0 - CM -CHi~O~CH~CHi~O~CK-CHj-0~CH-CH 2 ~ 0— 
CHj CH 3 • CH 3 CHj 

This uniform polypropylene glycol structure may be described as having only one raeihy! 
substituted carbon atom adjacent each oxygen atom to the polypropylene glycol chant. Sacfe 
uraibno polypropylene glycol moieties may exhibit both Spopirilic and hydrophiiic 
characteristics and thus be useful in providing amphtphilfe growth hormone drug-oligomer 
conjugates without the use of lipophiik polymer moieties. Furthermore, coupling the 
secondary alcohol moiety of the polypropylene glycol moiety with a drug may provide the 
drug {e.g„ a polypeptide) with improved r esiitance to degradation caused by enzymes such as 
trypsin and chvmotrypsw found, for example, to the gut, 
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provide the secondary alcohol capping monomer mesylate 61 . 'The primary alcohol extension 
monomer 57 may be reacted wish a capping reagent 10 provide a compound 62. The capping 
aagem may be various capping reagents as described above, The compound « may be 
reacted with a Bj da-blocking rsageffi to remove the blocking moiety Bj and provide a 
secondary alcohol capping monomer S3. TaeB-j de-blocking reagent may be various de- 
blocking agents as wit! be understood ay those skilled in the art icehdmg, b«r not limited to, 
Hj in the presence of a palladium/activated carbon caialyst. The secondary alcohol capping 
monomer may be reacted with metiianesulfenyl ehtoride £o provide a primary alcohol 
capping monomer mesylate 64. While &e embodiments illustrated in Figure 11 show the 
synthesis of capping monomers, it is to be understood that similar reactions maybe 
performed to provide capping polymers. 

hi general, chain extensions may be effected by reacting a primary alcohol extension 
mono- or poly-mer such as the primary alcohol extension monomer 5? with a primary alcohol 
extension mono- or poiy-mer mesylate such as the primary alcohol extension monomer 
mesylate S3 to provide various uniform polypropylene chains or by reac ting a secondary 
alcohol extension mono- orpoly-mcr siren as the secondary alcoho! extension monomer 54 
with a secondary alcoho! extension mono-or poly-mer mesylate such as the secondary alcohol 
extension monomer mesylate 58. 

For example, k Figure 13, the primary alcohol extension monomer mesylate 55 is 
reacted with the primary alcohol extension monomer 57 to provide a dimer compound 65. 
Alternatively, the secondary alcohol extension monomer mesylate 59 owy be reacted with the 
secondary alcohol extension monomer 54 to provide the dirtier compound 65. The Bt 
blocking moiety on the dimer compound 65 may be removed using a B; de-blocking reagent 
as described above to provide a primary alcohol ex tension dimer 66. The primary alcoho! 
extension dimer 66 may be reacted with methane sulfonyi chloride to provide a secondary 
alcoho! extension dimer mesylate 67. Alternatively, the Bj blocking moiety on the dimer 
compound 65 may be removed using the B* de-blockiitg reagent as described above to 
provide a secondary alcoho! extension dimer 69. The secondary alcohol extension dimer 69 
may be reacted with methane suifony! chloride to provide a primary alcohol extension dimer 
mesylate 70, 

As will be understood by those skilled in the art, the chain extension process may he 
repeated to achieve various other chain lengths. For example, as illustrated m Figttre 13, the 
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primary alcohol extension dimer 66 may be reacted with she pranary alcohol extension diraer 
mesylate 70 to provide a tetranier compound 72. As further illustrated in Figure 13, a 
generic chain extension reaction scheme involves reacting the primary alcohol extension 
mono- or poly-mer 73 with the primary alcohol extension mono- or poSy-met mesylate 74 to 
provide fee uniform polypropylene polymer 75, The values of m and s may each range ficm 
0 to 1000 or more, Preferably, m and n are each from 0 to 50. While the emoodiasears 
iUustrated is Fipre 13 stow primary sicchoi extension mono- and/or poly-mere being 
reacted with primary alcohol extension mono- and/or poly-mar mesylates, it is to be 
understood that similar reactions may be carried out using secondary alcohol extension 
mono- and/or poly-mere and secondary alcohol extension mono- and/or poly-mer mesylates. 

An end of a primary alcohoi extension mono- or poly-mer or m end of a primary 
alcohol extension mono- or poly-mer mesylate may be reacted with a primary alcohol 
capping mono- or poly-mer mesylate or a primary alcohol capping mono- or poly-mer, 
respectively, to provide a capped uniform polypropylene chain. For example, as illustrated in 
Figure 12, the primary alcohol extension dimer mesylate 76 is reacted with the primary - 
alcohol capping raotsomcr 40 to provide the capped/blocked primary alcohol extension trimer 
71 . As will be understood by those skilled in the art, the Bj hiockmg moiety may be removed 
and the resulting capped primary alcohol extension trimer may be reacted with. 3 primary 
alcohol extension mono- or poly-mer mesylate to extend the chain of roe capped trimer 71 . 

An end of a secondary alcohol extension rrwno-or poly mer or an end of a secondary 
alcohol extension mono-or poly-mer mesylate may be reacted with a secondary alcohol 
capping mono-or poly-mer mesylate or a secondary' alcohol capping mono- or poly-mer, 
respectively, to provide a capped uniform polypropylene chain. For example, as illustrated in 
Figure 12, the secondary alcohol extension dimer mesylate 67 is reacted with the secondary 
alcohol capping monomer 63 to provide the sapped/blocked primary alcohol extension trimer 
68. The Bj blocking moiety may be removed as described above and the resulting capped 
secondary alcohol extension trimer may be reacted with a secondary alcohol extension raer 
mesylate to extend the chain of the capped trimer 68. While the syntheses illustrated in 
Figure 12 show the reaction of a dvmer with a capping monomer to provide a draw, ft is to 
be understood that the capping process may be pe rformed at any point in the synthesis of a 
uniform polypropylene glycol moiety, or, alternatively, uniform polypropylene glycol, 
moieties may be provided that are not capped While She embodiments illustrated in Figure 
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J 2 $how the capping of a polybutyleae oligomer by synthesis wti> s capping monomer, it is 
to be understood that polybutylew! oligomers of the present invention may be capped directly 
{i.e., without the addition of a capping monomer) using a capping reagent as described above 
in figure U. 

Uniform polypropylene glycol moieties according to embodiments of the present 
invention may be coupled to a drag, a JipopnUie moiety such as a carboxylic acid, and/or 
various other moieties by various methods as will be understood by those skilled in the art 
including, bat not limited to, those described herein wish respect to polyethylene glycol 
moieties. 

The oligomer may comprise one or more other moieties as will be understood by 
those skilled in the art including, hat not limited to, hydropMlk moieties, lipophilic moieties, 
spacer moieties, linker moieties, and terminating moieties. The various moieties in the 
oligomer are covalently coupled to one another by either bydroiyzable or non-hydrolyxable 
bonds. 

The oligomer may further comprise one or more irydrophilic moieties including, but 
aot limited to, sugars, polyaikylene glycols, and odyamine/TEG copolymers. Adjacent 
polyaikylette giycol moieties will be considered to be the same moiety if they are coupled by 
an ether bond and have the same aikyi structure. For example, the moiety 

—0-CjH4- O-C^-O-CjHi—O-CzH* ~O~C 2 H«-0-CiH« — 
is a single polyethylene glycol moiety having six polyethylene glycol suhurttis. Adjacent 
polyalkylene glycol moieties will he considered to be different moieties if they ere coupled 
by a bond other than an ether bond or if they have different alky! structures. For example, the 
moiety 

—O-CjKt—O-CjH*— O^jtt,--0~C J Ht~C--0--C^H*~-O~C 1 H l — 
is a polyethylene glycol moiety having four polyethylene glycol summit* and a hydrophilie 
moiety having two polyethylene glycol suhtsnits. Preferably, oligomers according to 
embodiments of &e preseai: invention comprise a polyajkyicne glycol moiety and do not 
further comprise a hydrophiHc moiety. 

The oligomer m&y farther comprise ooe or more lipophilic moieties as will be 
understood by those skilled in the art. The lipophilic moiety is preferably a saturated or 
unsaturated, linear or branched a&yl moiety or a saturated or unsaturated, linear or branched 
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fatty add moiety. When the lipophilic moiety is an a&yi moiety, it is preferaMy a linear, 
saturated or unsaturated alkyl moiety having 1 so 28 carbon atoms. More preferably, the 
alky! moiety 2 to 12 carbon atoms. When the lipophilic moiety is a fatty acid moiety, it is 
preferably a natural fatty acid moiety that is linear, saturated or unsaturated, having 2 to 18 
carbon atoms. More preferably, the fatty acid moiety has 3 to 14 carbon atoms. Most 
preferably, the fatty acid moiety has at least 4, 5 or 6 carbon atoms. 

The oligomer may further comprise one or more spacer moieties as will he understood 
by these skilled in the art. Spacer moieties may, for example, be used to separate a 
hydropnilic moiety 6om 3 lipophilic moiety, to separate a lipophilic moiety or hydrophilic 
moiety from the drug, to separate a first hydrapmlie or lipophilic moiety fi»m & second 
hydropbilic or lipophilic moiety, or to separate a hydrophilie moiety or lipophilic moiety 
from a linker moiety. Spacer moieties are preferably selected from die group consisting of 
sugar, cholesterol and glycerine moieties. 

The oligomer may further comprise one or more linker moieties that are used to 
couple &e oligomer with the drag as will fee understood by those skilled in the art. Linker 
moieties are preferably selected from the group consisting af aUcyl and fatty acid moieties. 

The oligomer may further comprise one or more terminating moieties at the one or 
more ends of the oligomer which are not coupled to the drag. The terminating moiety is 
preferably an alkyl or a&oxy moiety, and is more preferably a Sower aJkyl or lower aStexy 
moiety. Most preferably, die terminating moiety is methyl or methoxy. While the 
terminating moiety is preferably an alkyl or alkoxy moiety, it is to be understood that the 
terminating moiety may be various moieties as will be miderstood by those skilled in the art 
including, but not limited to, sugars, cholesterol, alcohols, and fatty acids. 

The oligomer is preferably covaientiy coupled to the drug ra some embodimeota, toe 
drug is coupled to the oligomer utilizing a hydrolyzable bond (B.g., an ester or carbonate 
bond). A hydrolyzable coupling may provide a drug-oligomer conjugate that acts as a 
prodrug. In certain instances, for example where She drug-oligomer conjugate is inactive 
(i.e. the conjugate lacks the ability So affect the body through the drug's primary mechanism 
of action), ahydrolyzaaie coupling may provide for a rime-release or controiled-release 
effect, administering the drug over a given time period as one or more oligomers are cleaved 
from their respective drug-oiigomer conjugates to provide the active drug. In other 
embodiments, the drug is coupled to the oligomer utilizing a ncn- hydrolyzable bond (eg., a 
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carbamate, amide, or ether bond). Use of a tm-hyttottiysable bond may be preferable when it 
is desirable to allow the drug-oiigomer conjugate to circulate in the bloodstream for an 
extended period of time, preferably at least 2 hours. 

While flit oligomer is preferably covalently coupled to the drug, it is to be understood 
that the oligomer may be noe-eovalently coupled to the drag to form a non-covalentiy 
conjugated drug-ohgomer comptesX, As will be understood by those slatled m the art, noo- 
covalent couplings include, but are not limited so, hydrogen botsdktg, ionic bonding, Van cJsr 
Waals bonding, and micelitilar or liposomal encapsulation. According to embodiments of the 
present invention, oligomers may be suitably constructed, modified artdVor appropriately 
feactionalteed to impart the ability for aem-covalent conjugation in a selected maimer (e.g., to 
impart hydrogen bonding capabihiy), as will be imderstood by those skilled in tire art. 
Aeeorrlijig to other embodiments of present invention, oligomers maybe derivatised with 
various compounds including, hut not limited to, amino acids, oligopeptides, peptides, bile 
acids, bile acid derivatives, fatty- adds, fatty acid derivative*, salicylic ecids, salicylic acid 
derivatives, ammcsalicyu'e acids, and aminosalicylic acid derivatives. The resulting 
oligomers esse non-oovateiitly couple (complex) with drag molecules, pharmacentics! 
products, and/or pharmaceutical excipieots. The resulting complexes preferably hav* 
balanced lipophilic and bydrophilic properties. According to still other embodiments of the 
present invention, oligomers may be derivative*! with amine and/or aikyi amines. Under 
suitable acidic conditions, die resulting oligomers can form non-covalcnliy conjugated 
complexes witb drng molef-files, phartnaceuticsl products and/or pharmaceutical excipients. 
The products resulting from such eomplexatkm preferably have balanced lipophilic and 
hydropbilie properties. 

More than one oligomer (i.e., a plurality of oligomers) may be coupled to the drug. 
The oligomers in the plurality are preferably the same. However, it is to be understood that 
the oligomers in the plurality may be different from one another, or, alternatively, some of the 
oligomers in the plurality may be the same and some may be different. When a plurality of 
oligomers are coupled to the drug, it may be preferable to couple one or more of the 
oligomers to the drug with hydroiyjable bonds and couple one or more of the oligomers to 
the drug with non-hydrolyrable bonds. Alternatively, all of the bonds coupling the plurality 
of oligomers to the drug may be hydroiyzaeie, bat have varying degrees of hydroiysaotfiry 
such that, for example, one or more of the oligomers is rapidly removed from the drug by 
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hydrolysis in the body and one or more of the oligomers is slowly removed from the drug by 
hydrops in the body, 

The oligomer may be coupled to the drag at various isucieopaiSc residue* of the drug 
including, but not limited to. aueleophilic hydroxy? functions and'or amino fractions. When 
tt» drag ss a polypeptide, a aueieophiljc hydroxy! fraction may h« found, for example, at 
serine and/'or tyrosine residues, and a nueleopbilie amino fraction may be found, for 
example, at histidine and/or lysine residues, and/or at the one or more N-Sermmi of the 
polypeptide. When an oligomer is coupled to the one or more N-fermmi of the polypeptide, 
the coupling preferably forms a secondary amine. For example, when me drug is human 
insulin, the oligomer may be coupled to an amino functionality of the insulin including the 
amino functionality ofCi/ 1 , the amino functionality cfPhe 9 ', and the amino fractionaiiiyof 
Lys B3 *. Whea one oligomer is coupled to the human insulin, the oligomer is preferably 
coupled to the amino fractionally of Lys 32 ', Whets two oligomers are coupled to &e human 
tasulin, the oligomers are preferably coupled to me amino functionality of P»e Bl and the 
amino functionality of tys m . While more than one oligomer may be coupled to the human 
insulin, a higher activity (improved glucose towering ability) is observed for the mono- 
conjugated human insulin. As another example, when the drug is salmon calcitonin, the 
oligomer may be coupled to an amino fonetiocatity of she salmon calcitonin, including the 
asrsiiio fencrionality of hy$ l \ Lys 1 * and the N-tersaiaus. While one or aiore. oligomers may 
he coupled to the saimon calcitonin, a higher activity (improved glucose lowering ability) is 
observed for the di-conjugated salmon calcitonin where an oligomer is coupled to the amino 
ftmctionaiity of Lys !1 and an oligomer is coupled to the amino '8*ncti«w$ity of Lys". A3 yet 
another example, whett the drug is human growth hormone, the oligomer may be coupled to 
an amino fenctionaiity of Phe', Lys M , Lys*', Lys w , Lys'", Lys**, Lys'* Lys 3 *, Lys iW , 
and'or Lys m . 

Substantially monodiapersed mixtures of drug-oligomer conjugates of the present 
invention may he synthesized by vari ous methods. For example, a substantially 
monodispersed mixture of oligomers consisting of carfeesyiic acid and polyethylene glycol is 
synthesized by contacting a stibstaatially monodispersed mixture of carboxylic acid with a 
substantially monodssperaed mixture of polyethylene glycol under conditions sufficient to 
provide a mibsmtially monodispersed mixmre of oligomers. The oligomers of the 
substantially monodispereed mixture are men activated so that they are capable of reacting 
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understood by toe skilled in the art including, but not limited to, mass spectroscopy. The 
particular conjugate structure (e.g., whether the oligomer is at Gly*', Phe Bi , fir tys m of a 
human msuSn monoconjugste) maybe determined and/or verified liii Sizing various 
techniques as will be understood by those skilled in the art inciudirtg s bat not limited to, 
sequence analysis, peptide mapping, selective enzymatic cleavage, aod/or endopepfoiase 
cleavage. 

As will be understood by those skilled in the art, one or more of the reaction sites on 
the drag may be Mocked by, for example, reacting the drug with a suitable blocking reagent 
such as N-teri-bu»;ox>x:arfeonyl (t-BOC), or N-{9-tiucrsrsylmeihoxvc <u 1 
Tais process may be preferred, for example, when the drug is a polypeptide and it is desired 
to form an unsaturated conjugate {i.e., s conjugate wherein not ait nueieoplulie residues are 
conjugated) having an oligomer at one or more of the N-termita of the polypeptide. 
Following such blocking, the substantially monodispersed mixture of blocked drugs may be 
reacted with the substantially tnoriodisperscd mixture of activated oligomers to provide a 
mixture of dmg-oligonier conjugates having oligomer^) coupled to one or more nucleophilk 
residues and having blocking moieties coupled Us other nucieophilic residues. After the 
conjugation reaction, the drug-oiigomar conjugates may be de-biockssd as will be understood 
by those skilled ir> the art. if necessary, the mixture of drug-oligornex conjugates may then be 
separated as described above to provide a substantially mottcsdispersed mixture of drug- 
oligomer conjugates. Attea-narively, &emtxrjj«of<fc«g^}JigornereonJtigstesttmyb«! 
separated prior to de-blocking. 

Substantially monodispersed mixtures of drug-oligouier conjugates according to 
embodiments of the present invention preferably nave improved properties when compared 
with those of conventional mixtures. For example, a substantially motwdispersed mixture of 
drug-oligocier conjugates preferably has an in yj'w activity thai is greater than the in vivo 
activity of a polydispcrscd mixture of drug-ohgomer conjugates having the same number 
average molecular weight as the substantially monodispersed mixture. As will he understood 
by those skilled in the art, the number average molecular weight of the substantially 
menodispersed mixture and the number average weight of the polydispsrsed mixture may be 
measured by various methods including, but not limited to, size exclusion chromatography 
such as gel permeation chromatography as described, for example, in H Jl. Ailcoek & F,W. 
Lampe, C&N temporary T*Qt,¥MER CHEMtSTSty 394-402 {2d. ed., 1991). 
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A* another example, a substantially rnowodispersed mixture of drug-oligemer 
conjugates preferably has so in vitro activity that is greater than the <« vtoe activity of a 
paiydispersed mixture of drug-oiigomer conjugates having the swae number avaage 
molecular weight as the substantially moaodispersed mixture. As will be understood by 
those skilled in the art, the number average molecular weight of she substantially 
mom')dispersed mixture and the number average weight of the polydispersed mixture may be 
measures! by various methods including, but not limited to, sks exclusion dtromamgrapfcy 
such as gel pennearivm chromatography. The in vftw activity of a particular mixture maybe 
measured by various methods, as will be understood by those skilled in the art. Preferably, 
the in vftw activity is measured using a Cytessnsor® Mserophysiorneter corranerciaSSy 
available from Molecular Devices Corporation of Sunnyvale, California. The 
microphysiometer monitors small changes in the rates of extracellular acidification in 
response to a drug being added to cultured cells in s transweil This response is proportions! 
to the activity of the molecule tinder study. 

As still another example, a substantially monodispersed mixture of drug-oligoraer 
conjugates preferably has an increased resistance to degradation by chyrootrypsiti when 
compared to the resistance to degradation by cbyxnofcypsm of a polyrtispersed mixture of 
drug-ntigomer conjugates having the same cumber average molecular weight as the 
substantially monodispersed mixture. As will be understood by those skilled in the art, the 
number average molecular weight o f the substantially mor>edispersed mixture and the 
number average weight of the polydispersed mixture may be measured by various methods 
including, but not limited to, svze exclusion chromatagraphy. 

As yet another example, a substantially monodispersed roixtore of di\tg-oligomer 
wcjugatea preferably has an inter-subject v ariability that is less than the inter- subject 
variability of s polydispersed mixture of drug-oligamer conjugates having the same number 
average molecular weight as the substantially monotUspersed mixture. As wilt be understood 
by those skilled in the ait, the number average molecular weight of the substantialty 
moaodispersed mixture and the number average weight of the polydispersed mixture may be 
measured by various methods including, hut net limited to, size exclusion eduoraatography. 
The inter-subject variability may be measured by various methods as will be understood by 
those skilled in the art The inter-sBbjeet variability is preferably calculated as follows. The 
area wader a dose response curve (AUQ (i.e., the area between the dose-response curve and a 
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baseline value) is determined for each subject The average AUC Tot ail subjects is 
determined by summing fee AUCs of each subject and dividing die sum by the number of 
subjects. The absolute value of {be difference between the subject's AUC and fee average 
AUC is (ten determined for each subject. The absolute values of the differences obtained are 
tfeea summed iq give a value that represents the iater-subject variability. Lower values 
represent ioWer inter-subject variabilities mi higher values represent higher inter-subject 
variabilities. 

Substantially numc4ispersed mixtures of drag-oligomer conjugates according to 
embodiments of the present invention preferably have two or mote of the above-described 
improved properties. Mote preferably, substantially monodispersed mixtures of drug- 
oligomer conjugates according to embodiments of the present invention have three or more of 
the above-described improved properties. Most preferably, substantially mcoodtspened 
mixtures of drug-oiigomer conjugates according to embodiments of the present invention 
have all four of the above-described improved properties. 

In still other embodiments according to fee present invaoiiort, a mixture of conjugates 
having a molecular weight distribution with a standard deviation of less than about 22 
Daltons is provided. Each conjugate m the mixture includes a drug coupled to an oligomer 
mat comprises a polyalkylene glycol moiety. The standard deviation is preferably less than 
about 14 Daltons and is more preferably less than abom 1 i Daltons. The molecular weight 
distribution maybe determined by methods known to those skilled in the art including, but 
aot limited to, size exclusion chromatography such as gel permeation chromatography as 
described, for example, is Hit ASlcock & F.W, Lamps. Coktsmporary PolvjvSXR 
Chemistry 394-402 {2d. ed., 5991}. The standard deviation of the molecular weight 
distribution may then be determined by statistical methods as will be understood by those 
skilled in the art. 

The oligomer may be various oligomers comprising a polyalkylene glycol moiety as 
will be understood by those ssilled in the an. Preferably, the polyalkylene glycol moiety has 
at least 2, 3, or 4 polyalkylene glycol subunits. More preferably, the polyalkylene glycol 
moiety has at least 5 or 6 polyalkylene glycol subusits, Most preferably, the polyafltylene 
glycol moiety of the oligomer has at least 7 polyalkylene glycol subunits.' The polyalkylene 
glycol moiety of the oligomer is preferably s lower alkyl polyalkylene glycol moiety such as 
a polyethylene glycol moiety, a polypropylene glycol moiety, or a polybntylene glycol 
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primary alcohol has beta blocked by forming an ester, the B t de-blocking reagent is a de- 
esterifica&ri reagent, such as a base (e.g„ patassaum. carbonate). When the primary alcohol 
has been blacked using a siiylcnioride, the B, deblocking reagent is preferably 
tsrjtthutylammomutn fluoride (TBAF). The primary alcoho} extension monomer 57 may be 
reacted with methane sailor, 1 « u 1 <" in' t <en .tun monomer 

mesylate S8. 

The primary alcohol- extension monomer 54 and the secondary alcohol extension 
monomer 57 may be capped as follows. The secondary alcohol extension monomer 54 may 
be reacted with a capping reagent to provide a compound 59. The capping reagent may be 
various capping reagents as will be understood by those skilled in the art including, bat not 
limited to, sikyl halides such as methyl chloride. The compound 59 may be reacted wits a B( 
de-blocking agent as described above to provide a primary alcohol capping monomer 50. 
The primary alcohol capping monomer 60 may be reacted with methane sulSsnyl chloride So 
provide the secondary alcohol capping monomer mesylate 61. The primary akohol extension 
monomer 57 may be reacted with a capping reagent to provide a compound 62. The capping 
reagent may be various capping reagents as described above. The compound 62 may be 
reacted with a 8 2 de-biocking reagent to remove the blocking moiety B s and provide a 
secondary alcohol capping monomer 63 . The de-blocking reagent raayhev&rious de- 
blocking agents as will be understood by those skilled in the art including, but not limited to, 
H 2 in the presence of a paliarhurry'aeiivated carbon catalyst. The secondary alcohol capping 
monomer may be reacted with owthanesulfonyl chloride to provide a primary alcohol 
capping monomer mesylate 64, While the embodiments illustrated in Figure 11 show the 
synthesis of capping monomers, it is to be understood that similar reactions may be 
performed to provide capping polymers- • 

In general, chain extensions may he effected by reacting a primary akohol extension 
mono- or poiy-mer such as the primary alcohol extension monomer 57 with a primary alcohol 
extension mono- or poly-mer mesylate such as the primary alcohol extension motwmer 
mesylate 55 to provide various uniform polypropylene chains or by reacting a secondary 
alcohol extension mono- or poly-mer such as the secondary alcohol extension monomer 54 
with a secondary alcohol extension roono-or poiy-mer mesylate such as the secondary alcohol 
extojaion monomer mesylate 58. 
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For example, in Figure 33, the primary akohoi extension monomer mesylate 5S is 
reacted with the primary 3icohol extension monomer 5? lo provide a dimer compound 65, 
Alternatively, the secondary alcohol extension monomer mesylate 58 rosy be r«ct«d with the 
secondary alcohol extension monomer 54 to provide fee dimer compound <K. The B , 
blocking moiety on fee dimer compound 65 may be removed usisg a Bt de^loriring reagent 
as described above to provide a primary alcohol extension dimer 66. The primary alcohol 
extension dimer W may be reacted with methane sulfonyl chloride to provide a secondary 
alcohol extension dimer mesylate 6?. Aiieroativeiy, the Bj blocking moiety on the dimer 
compound 65 maybe removed using the B: de-blookifig reagent as described above to 
provide a secondary alcohol extension dimer 69. The secondary akohoi extension dimer «9 
may be reacted with methane sulfonyl chloride to provide a primary alcohol extension dimer 
mesylate 70. 

As will be understood by those skilled in the art, the chain extension process maybe 
repeated to achieve various other chain lengths. For example, as illustrated in Figure 13, the 
primary alcohol extension dimer 66 may be reacted wsfh the primary alcohol extension dimer 
mesylate 70 to provide a tetramer compound 72. As further illustrated in Figure 13, a 
generic chain extenstot i reaction scheme involves reacting fee primary alcohol extension 
mono- or poly mer 73 with the primary alcohol extension mono- or poly-mer mesylate 74 to 
provide the uniform polypropylene polymer 75, The values of rn and n may each range from 
0 to 1000 or more. Preferably, tn and a are each from 0 to 50, While the embodiments 
illustrated in Figure 13 show primary alcohol extension mono- and/or poty-mers being 
reacted with primary alcohol extension mono- aad/orpofy-met mesylates, it is to be 
understood that similar reactions may he carried out askg secondary alcohol extension 
mono- and/or poly-mere and secondary alcohol extension mono- and/or poly-mer mesylates. 

An end of a primary akohoi extension mono- or poly-mer or an end of a primary 
akohoi extension mono- or poly-mer mesylate may be reacted with a primary akohoi 
capping mono- or poly-mer mesylate or a primary alcohol csppiag mono - or poiy-mer, 
respectively, to provide a capped uniform polypropylene chain. For example, as illustrated in 
Figure 12, the primary alcohol extension dimer mesylate 7tf is reacted with the primary 
alcohol capping monomer 60 to provide the capped/blocked primary alcohol extension triraer 
71. As will he understood by those skilled ia the art, the Bj blocking moiety may be removed 
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polyalkyiene glycol moieties wiil be considered to be the same moiety if they are coupled by 
an ether bond and have the same aSfcyi structure. For exataple, She moiety 

—O-Cj^-O-Cj^-O-CjH^-O-CjHi-O-CjHi-O-Qrl, — 
ss a single polyethylene glycol moiety having six polyethylene glycol subunits. Adjacent 
noryaUcyiene glycol moieties will be considered to be different moieties if they we «up!«l 
by a bead other than an ether bond or if tbsy have different alkyl structures. For example, the 
raoiety 

O 
fl 

is a polyethylene glycol moiety hayissg four polyethylene glycol sybunits and a hydropnilk 
moiety having two polyethylene glycol subunits. Preferably, oligomers according to 
embodiments of the present invention comprise a polyalkylene glycol moiety and do not 
further comprise a hydrophiiie moiety. 

The oligomer may further comprise one or more lipophilic moieties as will be 
understood fey those skilled in the art. The lipophilic moiety is preferably a saturated or 
unsaturated, linear or branched aikyi moiety or a sanitated or unsaturated, linear or branched 
fatry acid moiety. When the lipophilic moiety is m alky! raoiety, it is preferably a linear, 
saturated or unsaturated alky! moiety havmg 1 to 28 carbon atoms. More preferably, the 
aifcyl moiety has 2 to 12 carbon atoms. When the Hpoptiilic moiety is a fatry acid moiety, it is 
preferably a natural fatty acid moiety that is linear, saturated or unsaturated, having 2 to 1 8 
carbon atoms. More preferably, the fatty acid raoiety has 3 to 14 carbon atoms Most 
preferably, the tarty acid moiety has at least 4, 5 or 6 carbon uioms 

The oligomer may further comprise one or more spacer moieties as vyill be understood 
by triose skilled in the art. Spacer moieties may, for example, be used to separate a 
hydrephitic moiery from a lipophilic moiety, to separate a lipophilic moiety or aydrophihe 
moiety from the drug, to sepwate a first hydTOphiho or lipophilic moiety from a second 
hydrophilsc or lipophilic raoiety, or to separate a hydroplnlic moiety or lipophilic moiery 
from a linker moiery. Spacer moieties are preferably selected from the groirp consisting of 
sugar, cholesterol and glycerine moieties. 

The oligomer may further comprise one or more linker moieties that are used to 
couple the oligomer with the drag as will be understood by those skilled in the art. Linker 
moieties are preferably selected from the group consisting of aifcyl and fatty acid moieties. 
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conjugated human insulia As mother example, when the drug is salmon catefcaiw, the 
oligomer may be copied to an amino functionality of the salmon calcitonin, including (he 
amino functionality of Lys u , Lys" and the M-terrairws. While one or more oligomer may 
be coupled to the salmon calcitonin, a higher activity (improved glucose lowering ability) is 
observed &r the di-eonjugaied salmon cateitanin where an oligomer is coupled to the amino 
functionality of Lys" and an oligomer is coupled to the amino functionality of Lys". As yet 
another example, when the drug is human growth hormone, the oligomer may be coupled to 
m amino ftmotionality of Phe ! , Lys B , Lys 4> , lys m , Ly» !w ,Lj» ( * Lys wl , Lys ,s *, Lys !< *, 
and/or Lys m . 

Mixtures of drug-oligorner conjugates having a molecular weight distribution with a 
staadard deviation of less Shan about 22 Daltcas may be synthesized by various methods. For 
example, a mixture of oligomers having a molecular weight distribution with a standard 
deviation of less than about 22 Daifona consisting of carboxyhc acid and polyethylene glycol 
is synthesized by contacting a mature of carboxylic acid having a molecular weight 
distribution wife a standard deviation of less than about 22 Oaltoas with a mixture of 
polyethylene glycol h*vag * molecular weight distribution with a standard deviation of less 
than about 22 Dsitons under conditions sufficient to provide a mixture of oligomers having a 
molecular weight distribution with a standard deviation of less than about 22 Batons, lb* 
oligomers of the mixture having a molecular weight distribution with a standard deviation of 
less than about 22 Dahons are then activated to that they are capable of reacting with a drug 
to provide a drug-oiigomer conjugate. One embodiment of a synthesis mute for providing a 
mixture of aetlvaied oligomers having a molecular weight distribution with a standard 
deviation of less than about 22 Bailees is illustrated i n Figure 3 and described m Examples 
11-18 hereinbeic w. Another embodiment of a synthesis route for providing a mixture of 
activated oligomers having a molecular weight distribution with a standard deviation of less 
than about 22 Daltons is illustrated in Figare 4 and described in Examples 19-24 
hereittbelow, Still another embodiment of asynthesis route for providing a mixture of 
activated oligomers having a molecular weight distribution wife a standard deviation of less 
that! about 22 Daltoas is illustrated in Figure 5 and described in Examples 25-29 
heretobelow . Yet another emeodinwat of a synthesis route for providing a mixture o f 
activated oligomers having a molecular weight distribution wish a standard deviation ofless 
than about 22 Daltoas is illustrated in Figure * and described in Examples 30-31 



am 



im2. 0 0 3- 1 0 4 9 13 




00 0 



t^O 2 0 0 3- 1 0 4 9 13 



human insulin monocorjugate) may be determined and/or yeriSitd utilairfg various 
techniques as will be understood by those skilled in the art including, but sot limited to, 
sequence analysis, peptide mapping, selective enzymatic cleavage, and/or imdopeptidase 
cleavage. 

As will be understood by those skilled in the art, one or more of the reaction sites on 
ike drag may be blocked by, for example, reacting the drug with a suitable blocking reagent 
such as N-tert-butoxycarboflyi (t-BOC), or H-{9-lliiorcnylracthoxycaibor(yl>(N-FMOC). 
Thh process may be preferred, for example, when the drug is a polypeptide and it is desired 
to form an unsaturated conjugate {i.e., a conjugate wherein cot all ritrcleophilic residues are 
conjugated) having one or more oligomers at the one or more H-ierraim of the polypeptide. 
Following such blocking, the mixture of blocked drags having a molecular weigh* 
distribution wish a standard deviation of leas than about 22 Baltcns may he reacted with the 
mixture of activated oligomers having a molecular weight distribution with a standard 
deviation of less than about 22 Daltaru to provide a mixture of drug-oiigomer conjugates 
having oligomer^) coupled to one or more nucleophiiic residues aad haviag blocking 
moieties coupled to other sucleoptelic residues. After the cofljngatien reaction, the drug- 
oligomer conjugates may be de-fa locked as will be understood by those skilled in She art. If 
necessary, the mixture of drug-oiigoraer conjugates may then be separated as described above 
to provide a mixture of drug-oiigomer conjugates having a molecular weight distribution with 
a standard deviation of t«8» than about 22 DaStoas. Alternatively, the mixture of drug- 
oligomer conjugates may he separated prior to deblocking 

Mixtures of drug-cligomer conjugates having a molecular weight distribution with a 
standard deviation of less than about 22 Batons according to embodiments of the present 
invention preferably have improved properties when compared with those of conventional 
mixtures. For example, a mixture of dreg-ofigomer conjugates having a molecular weight 
distribution with a standard deviation ofless than about 22 Daitaas preferably has an in vivo 
activity that is greater than the « vjw activity of a polydispersed mixture of drug-a1igotn*r 
conjugates having the same number average molecular weight as the mixture of drug- ■ 
oligomer conjugates having a molecular weight distribution with a standard deviation of less 
than about 22 Oaltons. As mU be understood by those skilled in the art, the number average 
molecular weight of the mixture of drug-oiigomer conjugates having a molecular weight 
distribution with a standard deviation of less than about 22 Oaltons arid the number average 
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weight of the polydispersed mixture may be measarcd by various method* including, but not 
toiied to, Bias exclusion ehromatc-gr^jhy sack as gel penaeatioa chromatography as 
d^eribed, for example, inH.R. Alfcock & F.W. Lampe, CONTEMPORARY POLYMER 
CHEMISTRY 394-402 {2<J. «»-, 

Ajs another example, a mixture of drug-oligomer conjugates having a molecular 
weight distribution with a standard deviation of less than about 22 Daitotts preferably has aa 
in vitro activity that is greater than the in vitro activity of s polyiiispersed mixture of drag- 
oligomer conjugates having the same number average molecular weight as the mixture of 
drug-oiigomer conjugates having a molecular weight distribution with a standard deviation of 
less than about 22 Bartons. As will be uraisrstood by those skilled in the art, the number 
average molecular weight of the mixture of drtig-oligomeT conjugates having a molecular 
weight distribution with a standard deviation of less than about 22 Baltens and the number 
average weight of the polydispersed mixture may be measured by various methods including, 
but not limited to, stee exclusion chromatography such as gel permeation chrom&togt aphy. 

The in vitro activity of a particular mixture may be measured by various methods, aa 
will be understood by those skilled in the art Preferably, the in vitro activity is measured 
using a Cytosensor® Miesophystonieter commercially available from Molecular Devices 
Corporation of Sunnyvale, California. The micrephysiometer monitors small changes in the 
rales of extracellular acidification in response to a drug being added to cu Stared cells in a 
transwel'. Ibis response is proportional to the activity of the molecule under study, 

As still another example, a tnixtiae of drug-oligomer conjugates having a molecular 
weight distribution with a standard deviation of less than about 22 Daltons preferably has an 
increased resistance to degradation by chymotrypsin when compared to the resistance to 
degradation by chymotrypsin of a polydispereed mixture of drug-oligomer conjugates having 
the same number average molecular weight as the mixture of dmg-cligomer eonjuptes 
having a molecular weight distribution with a standard deviation of leas than about 22 
Daitons. As will be understood by those skilled in the art, the number average molecular 
weight of the mixture of drug-oiigotner conjugates having a molecular weight distribution 
with a standard deviation of less than about 22 Daitons and the number average weight af the 
porydispersed mixture may be measured by various methods including, but not limited to, 
size exclusion chromatography. 



0.3:>> 



0 0 3- 1 0 4 9 13 




0 0 3- 1 0 4 9 13 



polyalkyiene glycol moiety, sad the mixture has s disparity coeffideta (DO greater flaw 
10,000 where 

. n is the number of different molecules in the sample; 

H is &e number of r* molecules in the sample; aad 

M< is the mass of the i & molecule. 
The ttixmt of conjugates preferably has s dispcrsity eoeffteieat greater than 1 OO.flOO, More 
preferably, the disperssty coefficient of the conjugate mixture is greater than 500,000 and, 
most preferably, the dtspetsity coefficient is greater than 10,000,000. The variables », Nj, and 
Mj may be determined by various methods as will be understood by those skilled in the sit, 
including, but not iimited to, methods described below in Example 123. 

Use oligomer may be various oligomers comprising a polyalkyiene glycol moiety as 
will be understood by those skilled in the art. Preferably, the patyalkylene glycol moiety has 
st least 2, 3, or 4 polyalkylene glycol subrmits. Mare preferably, the polyalkyleae glycol 
moiety has at least 5 or 6 polyalkylene glycol suburtits. Most preferably, the poiya&ylene 
glycol moiety of the oligomer has at least 7 poty&ikyiane glycol subiinits. The polyalkylene 
glycol moiety of the oligomer is prefers* iy a lower alkyl polyalkyleiw glycol moiety sateh as 
a polyethylene glycol moiety, a polypropylene glycol moiety, or a poSybutyiene glycol 
moiety. When the polyalkylene moiety is a polypropylene glycol moiety, the polypropylene 
glycol moiety preferably has a uniform structure. An exemplary polypropylene glycol 
moiety having a uniform structure is as follows: 

™O-CH~CH 2 ~0-CH-CH 2 ~O--CH-CK 2 -0-CK-CH 2 -0— 
CHj CHj CH 3 CHi 

This uniform polypropylene glycol stractijre may be described as having Only One methyl 
substituted carbon atom adjacent each oxygen atom in the polypropylene glycol chain. Such 
uniform polypropylene glycol moieties may exhibit both lipophilic and hytSrophilk 
characteristics and thus be useful ia providing imphiphlHc drug-oligomer cocjugates without 
the vise of lipophilic polymer moieties. Frrrthermore, coupling the secondary alcohol moiety 
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of the polypropylene glycol moiety with a dreg may provide the drug (e.g., a potyjKjxfcte) 
with improved resistance to degradation caused by enzymes such as trypsin and 
chymotrypsio found, tor example, ia the gut 

IMferra polypropylene glycol according to embodiments of the pressor invention is 
preferably synthesized as illustrated in Figures 1 1 through 13, which will now he described. 
As illustrated in Figure 11, 1,2 -propanediol S3 is reacted with a primary alcohol blocking 
reagent to provide a secondary alcohol extension monomer 54. The primary alcohol blocking 
reagent may be various primary afcohoi blocking reagents as will be understood by tee 
skilled in the art including, but not limited to, silytohleride compounds such as t- 
butyldtphenylslljfidilortde and t-hutyldimethyiriiykMoride, and esteriri cation reagents such 
its AcjO. Frefersbiy, the primary ascohoi blocking reagent is a primary alcohol blocking 
reagent that ia substantially non-reactive with secondary alcohols, such as t- 
buryidiphenyMylchioride or t-btityl$memy?siiyichioride. The secondary alcohol extension 
monomer (54) may be reacted with memaneaalfonyi chloride {MeSOiCl) to provide a 
primary extension alcohol monomer mesylate 55. 

Alternatively, the secondary alcohol extension monomer $4 tnay be reacted with 3 
secondary alcohol blocking reagent to provide compound 5*. The secondary alcohol 
blocking reagent may be various secondary alcohol blocking reagents as will he understood 
by those skilled in the art including, but not limited to. betByl chloride. The compound 56 
may be reacted with a Bi de-blocking reagent to remove the blocking moiety Bi and provide 
a primary alcohol extension monomer 57. The Bj de-blocking reagent may be selected from 
various de-blocking reagents m will be understood by one skilled in the art. When the 
primary alcohol has been blocked by formixsg an ester, the Bi de-hiockirsg reagent is a de- 
esteriScation reagent, such as a base (e.g ; , potassium carbonate). When the primary alcohol 
has been blocked using a stiylchSoride, the 8 S de-btoeking reagent is preferably 
ustrabtnylammonium fluoride (TB.4.F), The primary alcohol extension monomer 57 may he 
meted with methane sniibnyi chloride to provide a secondary akohoi extension monomer 
mesylate 58, 

The primary alcohol extension monomer 54 and the secondary alcohol extension 
monomer 57 may be capped as Mows. The secondary sicohol extension monomer 54 rosy 
be reacted with a capping reagent to provide a compound 59. The capping reagent may bs 
various capping reagents as will be understood hy those skilled in the art including, but not 
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limited to, aikyl halides suck as methyl chloride. The compound 59 may be reacted with a Bi 
dg-blockmg agent as described above to provide a primary alcohol capping monomer SO. 
Hie primary alcohol capping monomer 60 may be reacted wife methane suifoayi chloride io 
provide fee secondary alcohol capping monomer mesylate 61. The primary alcohol extension 
monomer 57 may be reacted with a capping reagent to provide a compound 62. The capping 
reagent may be various capping reagents u described above. The compound 62 maybe 
reacted with a de-blocking reagent to remove the blocking moiety Bj and provide a 
secondary alcohol capping monomer 63 The B 3 de-blocking reagent may be various de- 
blocking agents as will be understood by those skilled in the art ujciudiisg, b« not limited to, 
Hi in the presence of a pailadium/acri vased carbon catalyst The secondary alcohol capping 
monomer may be reacted with methanesuifoayi chloride to provide a primary alcohol 
capping monomer mesylate 64. While the embodiments illustrated in Figure H show fee 
synthesis of capping monomers, it is to be understood that similar reactions may be 
performed to provide capping polymers. 

In general, chain extensions may be effected by reacting a primary alcohol extension 
mono- or poly-mer such as the primary alcohol extension monomer 57 with a primary alcohol 
extension mono- or poly-mer mesylate such as the primary alcohol extension monomer 
mesylate 55 to provide various uniform polypropylene chains or by reacting a secondary 
alcohol extension mono- or poiy-mer such as the secondary alcohol extension monomer 54 
with a secondary alcohol extension mono-or poly-mer mesylate such as the secondary alcohol 
extension monomer mesylate S8. 

For example, fe (Igare 13, the primary alcohol extension monomer mesylate 55 is 
reacted with the primary' alcohol extension monomer 57 to provide a dimer compound 65. 
Alternatively, Che secondary alcohol extension monomer mesylate 58 may be reacted wife the 
secondary alcohol extension monomer 54 to provide fee dimer compotsad 65. The Bi 
blocking moiety on the dimer compound 65 may be removed using a B* de-blocking reagent 
ss described above to provide a primary alcohol extension dimer 66. The primary alcohol 
extension dimer 66 may be reacted wife methane sul&nyl chloride to provide a secondary 
alcohol extension dimer mesylate 67. Alternatively, fee Bj bfcekrag moiety on fee dimer 
compound 65 may be removed using the B 2 de-blocking reagent as described above to 
provide a secondary alcohol extension dimer 69. The secondary alcohol extension dimer 69 
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maybe reacted wish methane ffiifonyi chloride to provide a primary alcohol extension dimer 
mesylate 79. 

As wiB be understood by those skilled in the art, the chain mansion process may be 
repeated to achieve various other chain lengths. For example, as illustrated in Figare 13, the 
primary alcohol extension dialer 66 may be reacted with the primary alcohol extension dsater 
mesylate ?<1 to provide a ieiraroer compound 72. As further illustrated in Figure 13, a 
generic chain extension reaction scheme involves reacting the primary alcohol extension 
mono- or poly-mer TS with fltte primary alcohol extension mono- or poly-mer. mesylate 74 to 
provide the uniform polypropylene polymer 73. The values of m and it may each range Sera 
0 to 10GG or raore. Preferably, m and n are each front 0 to 50. While the embodiments 
illustrated in Figure 13 show primary alcohol extension mono- and/or poiy-mers being 
reacted with prarsary alcohol extension mono- asd-or poly-mer mesylates, it is io be 
understood that similar reactions may be carried out usmg secondary akobol extension 
mono- sad/or poly-raers arid secondary alcohol extension mono- and/or poSy-roer mesylates. 

An end of a primary alcohol extension mono- or poly-mer or an end of a primary 
alcohol extension mono- or poly-rner mesylate may be reacted with a primary alcohol 
capping mono- or poly-mer mesylate or s primary alcohol capping mono- or poly-racr, 
respectively, to provide a capped uniform polypropylene chain. For example, as illustrated in 
Figure 12, the primary alcohol extension diraer mesylate 78 is reacted with the primary 
alcohol capping monomer 69 to provide the capped/blocked primary alcohol extension trimer 
71. As will he understood by those skilled in the art, the B t blocking moiety may be removed 
and the resulting capped primary alcohol extension trimer may be reacted with a primary 
alcohol extension mono- or poly-mer mesylate to extend the chain of the capped trimer 71 . 

An end of a secondary alcohol extension mono -or poly-mer or an end of a secondary 
alcohol extension mono-or poly-mer mesylate may be reacted with a secondary alcohol 
capping roono-or poly-mer mesylate or a secondary alcohol capping mono- or poly-mer, 
respectively, to provide a capped uniform polypropylene chain. For example, as illustrated in 
Figure 12, the secondary alcohol extension aimer mesylate 67 is reacted with the secondary 
alcohol capping monomer 63 to provide the cappeo/b locked primary alcohol extension trimer 
68. The Bj blocking moiety may be removed as described above and the resulting capped 
secondary alcohol extension trimer may be reacted with a secondary alcohol extension mer 
mesylate to extend the chain of the capped trimer 68. While the syntheses illustrated in 
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Piga re 12 stow the reaction of a dimer with a capping monomer to provide a trirmsr, it is to 
t» understood that the capping process may be performed at any point in ifce synthesis of a 
uniform polypropylene glyeci moiety, or, alternatively, uniform polypropylene glycol 
moieties may he prodded that are not capped. While &e eoVoodicccrtts illustrated in Fignre 
12 show the capping of s polytmfylena oligomer by synthesis with a capping monomer, it is 
to he understood that polybwySene oligomers of the present invention may be capped directly 
(i.e., without the addition of a capping monomer) using a capping reagent as described above 
in Figure 11. 

Uniform polypropylene glycol moieties according to embodiments of the present 
invention may he coupled to a drug, a lipophilic moiety such as a carbexylie acid, sadVor 
various other moieties by various methods a*, will be understood by those skilled in the art 
including, but not limited to, those described herein with respect to polyethylene glycol 

The oligomer, may comprise ace or more other ttioieties as will be understood by 
those skilled in the ert including, but not limited to, hydrophilic moieties, lipophilic moieties, 
spacer moieties, linker moieties, and terminating moieties. The various moieties m the 
oligomer are eovaieatiy coupled to one another by either bydrolyzable or aon-hydrolysabic 
bonds. 

The oligomer may further comprise one or more hydxcphitte moieties including, but 
not limited to, sugars, polyalkylene glycols, and rxjlyamirte/PEO copolymers. Adjacent 
polyalkylene glycol moieties will be considered to be the same moiety if they are coupled by 
an ether borid and have the same oikyi structure. For example, the moiety 

—0~CjH*-0~CjHi~0~CjHt~O-C J H 4 -0-C I H 4 -O-C J H 4 — 
is a single polyethylene glycol moiety having six polyethylene glycol su&nnits. Adjacent 
polyalkylene glycol moieties will be considered to be different raoiefies if they are coupled 
by a bond other than an ether bond or if they have different alkyl structures. For example, the 
moiety 

0 
11 

-K^Ca^—O-QH*— 0~C^~CH-CjH,~C~0~QH*~0-CiH* — 
is a polyethylene glycol moiety baving four polyethylene glycol subanits and a hydrophilic 
moiety having two polyethylene glycol submits. Preferably, oligomers according to 
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embodiments of its present itsven&n compose 3 polyaikyiens glycol moiety and do not 
ftmher comprise a hydrophiHe moiety. 

The oligomer may further comprise one or more lipophilic inoieties as will be 
understood by those skilled ia the art The foophihc moiety is preferably a saturated or 
unsaturated, Sinew or branched alky I moiety or a saturated or unsaturated, linear or branched 
fetiy acid moiety. When the lipophilic moiety is m aikyi moiety, it is preferably a linear, 
saturated or unsaturated alkyl moiety having I to 2S carbon atoms. More preferably, the 
aikyi moiety to 2 to 12 carbon atoms. When the lipophilic moiety is a fatty acid moiety, it is 
preferably a natural fatty acid moiety that is linear, saturated or unsaturated, having 2 to 18 
carbon atoms. More preferably, the fatty acid moiety has 3 to J 4 carbon atoms. Most 
preferably, the fatty acid moiety has at least 4, S or 6 carbon atoms. 

The oligomer may further comprise one or more spacer moieties as will be understood 
by those skilled in the art. Spacer moieties may, for example, be used to separate a 
hydrophibc moiety from a lipophilic moiety, to separate a lipophilic moiety or hydrophiiio 
moiety from the drug, to separate a first hydrapbilic or lipophilic moiety from a second 
h ydrophilte or lipophilic nwiety, or to separate a hydrophilic moiety or lipophilic moiety 
from a linker moiety. Spacer raoieties are preferably selected from the group consisting of 
sugar, cholesterol and glycerine moieties. 

The oligomer may further comprise one or more linker moieties that are used so 
couple the oligomer with me drug as will be understood by those skilled in the ml. Linker 
moieties are preferably selected from the group consisting of alky! and fatty add moieties. 

The oligomer rosy further comprise one or more ternjinatiag moieties at the one or 
more ends of the oligomer which are not couplet! to toe dreg. The terminating moiety is . 
preferably an alky! or aStexy moiety, andis more preferably a tower aikyi or lower aikoxy 
moiety. Most preferably, the terminating moiety is methyl or methoxy. Whiie the 
terminating moiety is preferably an aikyi or aftoxy moiety, it is to be understood that the 
lerrntoating moiety may be various moieties as will be understood by those skilled in the an 
including, but not limited to, sugars, cholesterol, alcohols, and iairy acids. 

The oligomer is preferably covaietttly coupled to the drug. In some emfeo^imeots, fee 
drug is ccupiod to the oligomer utilizing a byd»iyzabSc hood (e.g., an ester or carbonate 
bond). A hydrolyzable coupling may provide a drug-oligomer conjugate mat acts as a 
prodrug. In certain instances, for ©cample where the drug-oiigoraer conjugate is inactive 
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ohgotners are coupled to the drug, it maybe preferable to couple one or metre of the 
oligomers to the drug with bydroiyzable bonds ana couple one or more of the oligomers to 
the drug with non-hydro lyzable bonis. Alternatively, all of the bonds coupling the plurality 
of oligomers to the drug may be hydroiyzabla, but have varying degrees ofhydrolyzability 
mm that, for example, one or more of the oligomers is rapidly removed from &e drug by 
hydrolysis in the body and one or mare of the oligomers is slowly removed from the drug by 
hydrolysis in the body. 

The oligomer may be coupled to the drug at various nucleophiiic residues of the drug 
including, but net Limited to. nucleophiiic hydroxyl functions and/or amino functions. When 
the drug is a polypeptide, a nuciecphilie hydroxy! function may be found* for example, at 
serine and/or tyrosine residues, and a aueleophilk amino function may be found, for 
example, tit fdstidme and/or lysine residues, and/or at the one or more M-termini of the 
polypeptide. When an oligomer is coupled to the one or more K-terrnmi of the polypeptide, 
the coupling preferably forms a secondary amine For example, when the drug is human 
insulin, the oligomer may be coupled to an amino tactfofwiity of the insulin including the 
ammo functionality of Giv* 1 , the amino functionality of Phe 6f , and the amino functionality of 
Lys Bls , When one oligomer is coupled to the human insulin, the oligomer is preferably 
coupled to the amino functionality of Lys 31 *. When two oligomers aw coupled to ihe human 
insulin, the oligomers are preferably coupled to the amine functionality of f'he 8 ' and the 
amino functionality of Lys 8 ". While more than one oligomer may be coupled to the human 
insulin, a higher sets vity (improved glucose lowering ability) is observed for the motso- 
conjugaied human insulin. As another example, when the drag is salmon calcitonin, the 
oligomer may be coupled to su amino functionality of the salmon calcitonin, including the 
amino functionality of Lys", Lys" and the N-terrainus. While one or more oligomers may 
be coupled to the salmon calcitonin, a higher activity (improved glucose lowering ability) is 
observed for the di-conjugated salmon calcitonin where an oligomer is coupled to the amino 
functionality of I.ys H and an oligomer is coupled to the amino functionality of Lys 1 *. As yet 
another example, when the drug is human growth hormone, the oligomer may be coupled to 
an amino functionality of Phe 1 , Lys 3 *, Lys 4i , Lys", Lya 115 , Lys'"*, Lys'**, Lys'*, Lys 14 *, 
and'arLys m . 

Mixtures of drug-oligomer conjugates having a diversity coefficient greater than 
10,000 may be synthesized by various methods. For example, a mixture of oligomers having 
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« diversity coefficient greater than 10,000 consisting ofcarboxylic acid said polyethylene 
glycol is synthesized by contacting a mixture of carboxyiic acid having a dispersity 
coefficient greater than 10,000 with a mixture of polyethylene glycol baying a dispersity 
coefficient greater than 10,000 under conditions sufficient to provide a mixture of oligomers 
tewing a diversity coefficient greater than 10,000, The oligomers of the mixture having a 
dispersity coefficient greater than 10,000 are then activated so that they are capable of 
reacting with a drag to provide a drug-cligomer conjugate. One embodiment of a synthesis 
route for providing a mixture of activated oligomers havmg a dispersity coefficient greater 
than 10,000 is illustrated in Figure 3 and described ta Examples H-1S Hereinbelow. Another 
embodiment of a synthesis route for providing a mixture of activated oligomers having a 
dispersity coefficient greater than 10,000 is illustrated m Figure 4 and described in Examples 
19-24 hereinbelow. Still another embodiment of a synthesis route for providing a mixture of 
activated oligomers having a dispersity coefficient greater than 10,000 is illustrated in Figure 
S and described in Examples 25-29 hereinbetow. Yet another embodiment of a synthesis 
route for providing a mixture of activated oligomers having a dispersity coefficient greater 
than 10,000 is illustrated in Figure 6 and described in Examples 30-31 hereinbelow. Another 
embodiment of a synthesis route for providing a mixture of activated oligomers Having a 
dispersity coefficient greater than 10,000 is illustrated in Figure 7 and described m Examples 
32-3? hereinbeiow. Still another embodiment of a synthesis route for providing a mixture of 
activated oligomers having a dispersity coefficient greater than 10,000 is illustrated in Figure 
8 sad described in Example 38 hereiabelcw. Yet another embodiment of a synthesis route 
for providing a mixture of activated oligomers having a dispersity coefficient greater fean 
50,000 is illustrated in Figure 9 and described in Example 39 hereiribetow. Another 
embodiment of a synthesis route for providing a mixture of activated oligomers having a 
dispersity coefficient greater than 10,000 is illustrated in Figure 18 and described in Example 
413 feereinbefow. 

The mature of activated oligomers having a dispersity coefficient greater than 10,000 
is reacted with a mixture of drugs having a dispeasty coefficient greater than 10,000 ucder 
conditions sufficient to provide a mixture of drug-oiigomer conjugates, as described, for 
example, in Examples 41-120 hereiabelow. As will be understood by those skilled in the art, 
the reaction cosditiotts (e.g., selected molar ratios, solvent mixtures and/or pB) may be 
controlled such that the mixture of dmg-oligomer conjugates resulting from the reaction of 
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the mixture of activated oligomers i»vmg a diversity coefficient greater than 10,000 and the 
mixture of drags having a dispereity coefficient greater than i 0,000 is a jnisctare having a 
dispcrsaty eoeffidcat greater than 10,000. For example, coajugatictfl at the amino 
functionality of lysine may be suppressed by maintaining the: pH of fee reaction solution 
below fee pit, of iysiae. Altemativeiy, the mixture of dntg-oligorner conjugates maybe 
separated and isolated utilizing, for example, HPLC to provide a mixture of drug-oSigomsr 
conjugate, for example mono-, di-, or tri-conjugates, having a dispersity soeificient greater 
fean 10,000, The degree of conjugation (e.g., whether the isolated molecule is a mono-, di-, 
or tri-caisjugate) of a particular isolates conjugate may be deSentiined and/or verified utilizing 
various tachniqnes- as wilt be understood by those skilled in the art including, but not limited 
to, man spectroscopy. The particular conjugate structure {e.g., whether the oligomer is at 
Gly*"' Phe 3 \ or Lys BJ4 of a human insulin monoconjugaie) may he deterauaed and/or veri fied 
utilizing various technitjues as will be understood by these skilled in the art inclutfiag, but not 
limited to, sequence analysis, peptide mapping, selective enzymatic eieayage, and/or 
endopeptidase cleavage. 

As will be understood by those skilled in the art, one or more of fee reaction sites on 
the drug may he blocked by, for example, reacting the drug with a suitable stocking reagent 
such as N~tert-butosycarbonyl (t-BOC), orN-{9-t1ucrcriyJroetjjoxycsThony!) (N-FMOC), 
This process maybe preferred, for example, when the drug is a polypeptide and it is desired 
to form an unsaturated conjugate (i.e., a conjugate wherein not all nucleophilic residues are 
conjugated) having as oligomer at the one or more N-tertaini of the polypeptide. Following 
such blocking, the mixture of blocked drugs having a dispersity coefficient greater than 
1 0.000 may be reacted with the mixture of activated oligomers having a dispersity coefficient 
greater than 10,000 to provide a mixture ofdntg-oiigomer conjugates having oligomer(s) 
coupled to one or more nucleophilic residues and having blocking moieties coupled to other 
nucleophilic residues. After the conjugation reaction, the drug -oligomer conjugates may fee 
de-blocked as will be understood by those skilled in the art. If necessary, fee mixture of 
drag-oligomer conjugates may then be separated as described shove to provide a mixture of 
drug-otigomer conjugates having a dispersity coefficient greater than 5 0,000, Alternatively, 
the mixture of drug-oligomer conjugates r»3y be separated prior to deblocking. 

Mixtures of drug-otigomer conjugates having a dispersity inefficient greater than. 
10,000 according so embodiments of the present invention preferaoiy have improved 
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molecular weight of the mixture of drug-oHgomer cotijagajes having a dtspersity coefficient 
greater than 10,000 and the number average weight of the polydispersed mixture may be 
measured by various methods including, hut not limited to, i;i.c exclusion cnrorestography. 
As yet another example, a mixture of driig-oiigomer conjugates having a dispw.ssry 
coefficient greater than 10,000 preferably has an btcr-subjeci variability feat is less than fee 
eMer-subject variability of a polyriispereed mixture of drug-eligwaer conjugates having the 
same number average molecular weight as the mixture of drug-ofigomer conjugates having a 
dispersity coefficient greater ihan 10,000, As wilt be understood by those skilled in the art, 
the oumber average molecular weight of the mixture of drug-cogorner conjugates having a 
dispcrsiry coefficient greater than 10,000 and the number average weight of the poiydispersed 
mixture rosy be measured by various methods deluding, but not limited to, size exclusion 
chromatography. The inter-subject variability may be measured by varioiis methods as will 
be understood by those skilled in the art. The inter-subject variability is preferably cafcttteted 
as fellows. The area under a dose respoase curve (AUC) {i.e., the area between the dose- 
xesponse curve and a baseline value) is determined for each subject, The average AUC fer all 
subjects is determined by surnmittg the AUCs of each subject and dividing the sum by the 
number of subjects. The absolute vaiue of the difference between the subject's AUC and the 
average AUC is then determined for each subject. The absolute values of the differences 
obtained are than summed to give a value th3t represents the inter-subject variability. Lower 
values represent lower inter-subject variabilities and higher values represent higher inter- 
subject variabilities. 

Mixtures of drug-oiigomer conjugates having a dispersity coefficient greater than 
10,000 according to embodiments of the present invention preferably have two or more of the 
above-described improved properties. More preferably, mixtures of dnig-oligomer 
conjugate* having a dispersity coefficient greater than 10,000 according to embodiments of 
the present invention have three or more oftbe above-described improved properties, Most 
preferably, mixtures of drug-oligomer conjugates having a disoersiry coefficient greater than 
10,000 according to mtbodiraenis of the present invention have all feur of the above- 
described improved properties. 

According to other embodimenis of the present invention, a mixture of conjugates in 
which each conjugate includes a drug coupled to an oligomer and has the same number of 
polyaSJfcylenc glycol subunits is provided. 
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The oligomer may be various oligomers comprising a po}y8skyte» glycol moiety as 
will be understood by teoae skilled in the art. Preferably, fee polyaikyiene glycol moiety has 
at kast 2, 3, or 4 poiyalkylene glycol subanits. More preferably, the pclya&ylcne glycol 
moiety has ai least 5 or 6 poiyalkylene glycol snbtmits. Most preferably, tbe poiyalkylene 
giycol moiety of she oligomer has at least ? poiyalkylene glycol subuaits. Tbe poiya-kyfeae 
glycol moiety of She oligomer is preferably a lower alkyl poiyalkylene glycol moiety such as 
a polyethylene glycol moiety, a polypropylene glycol moiety, or a poiybutyieae glycol 
moiety. When tbe poiyatkyiene moiety is a polypropylene glycol moiety, the polypropylene 
glycol moiety preferably has a uniform structure An exemplary polypropylene glycol 
moiety having a uniform structure is as follows'. 

— 0-CH-CHt-D-CH~CHj-0-CH~CH a -0~CH 7 CH a -~0~ 
CH 3 CH, CH 3 CHj 

This uniform polypropylene glycol structure may be described as having only one methyl 
substituted carbon atom adjacent each oxygen atom in the polypropylene glycol chain. Such 
uniform polypropylene glycol moieties may exbibii both lipophilic and hydrophiiic 
characteristics ami tSm be useful in providing amphophilic drug-oligomer conjugates svtihout 
the use of lipophilic polymer moieties. Furthermore, coupling the secondary alcohol moiety 
of the polypropylene glycol moiety with a drug may provide the drug (e.g., a polypeptide) 
with improved resistance to degradation caused by esaymcs such as trypsin and 
ehymotrypsin found, for example, lit tbe gut. 

Uniform polypropylene glycol according to embodiments of the present Invention is 
preferably synthesized as illustrated in Figure* 1 3 through U, which wili now be described. 
As illustrated ia Figure I t, 1,2 -propanediol S3 is reacted with s primary alcohol blocking 
reagent to provide a secondary alcohol extension caonomer 54. The primary alcohol blocking 
reagent may be various primary alcohol blocking reagents as will be understood by those 
skilled in the art including, but not limited to, siiykhjoride compounds such as t- 
butyldipheitylsttyicbJoride and t-butyldimethybilylchloride, and estefifioattoa reagents such 
as AcjO. Preferably, the primary alcohol blocking reagent is a primary alcohol blocking 
reagent that is substantially non-reactive with secondary aieehok, such as t- 
butyldipbehylsiJylchloride or t-butyldimemyisilylchloride. The secondary alcohol extension 
monomer (54) may be reacted with mefeanesulfbnyi chloride (MeSO^C!) to provide a 
primary extension alcohol monomer mesylate 
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functional! zed to impart (he ability famon-covalrat coig'ugatksa in a selected manner (e.g., to 
impart hydrogen bonding capability), as will be uoderstood by flx*e skilled in the art. 
According to other embodiments &f present invention, oligomers may be derivattzed with 
■various compounds iticiadtng, but not laaited to, amino acids, oligopeptide*, peptides, bite 
acids, bile acid derivatives, ratty acids, ratty acid derivatives, salicylic acids, salicylic acid 
derivatives, aminosalicylic acids, and amuwsalieylic acid derivatives. The resulting 
oligomers can non-covaiently couple (complex) with drug molecules, pharmaceutical 
products, and/or pharmaceutical exripienls, Tfee resulting complexes preferably have 
balanced lipophilic and hydrophilic properties. According to still other embodiments of the 
present invention, oligomers may be derivstized with amine and/or aikyl amines, tinder 
suitable acidic conditions, the resulting oligomers can form nornsovatently conjugated 
complexes with drug molecules, pharmaceutical products and/or pharmaceutical exctpienrs. 
The products resulting from such complex afcon preferably have balanced lipophilic and 
hydrophilic properties, 

More than one oligomer {i.e., a plurality of oligomers) may be coupled to the drug. 
The oligomers in the plurality are preferably the same. However, it is to be understood that 
the oligomers in the plurality may be different from one another, or, alternatively, some of the 
oligomers ia the plurality may be the same and some rosy be different. When a plurality of 
oligomers are coupled to use drug, it may be preferable to couple one or more of the 
oligomers to the drug with hydroiytable bonds and couple one or more of the oligomer!, to 
the drug with r^hydrelysable bonds. Alternatively, all of the bonds coupling the plurality 
of oligomers to the drug may be hydrolyzabie, but have varying degrees of hydrolyzability 
such that, for example, one or more of fee oligomers is rapidly remo ved from the drug by 
hydrolysis in the body and one or more of the oli gomrrs is slowly removed from the drug by 
hydrolysis in fee body. 

The oligomer may be coupled to fee drug at various nucleophilie residues of the drug 
including, but not limited to, aucleophilk hydroxy! functions and/or amino functions. When 
die drug is a polypeptide, a nucleophilie hydroxy! function may be found, for example, at 
serine and/or tyrosine residues, and snueleophiiic amino function may be found, for 
example, at hiatidine and/or lysine residues, and/or at the one or more N-termini of the 
polypeptide. When an oligomer is coupied to the one or more NHeraum of fee polypeptide, 
the coupling preferably forms a secondary amine. For example, when foe drag is human 



insulin, the oligomer may be coupled to an amino ftoctienaJity- of the insulin including the 
amino fenctiiaafityof Gr/ a , she amino functionality ofPhe*, and the ammo functionality of 
ty$ m . Whsa ose oiigomct is coupled to the tinman insulin, the oligomer is preferably 
coupled to the amino functionality o f Lys BJ *. When two oligomers are coupled to the human 
insulin, the oligomers afe preferably coupled to the amino functionality of ?te 8: and the 
amino functionality nfLy****. While more than one oligomer may be coupled to she human 
bsulm, a higher activity (improved glucose lowering ability) >s observed for the mono- 
conjugaied human insulin. As another example, when the drug is salmon calcitonin, the 
oligomer may be coupled to an amino functionality of the salmon calcitonin, including the 
amino functionality of Lys". Lys" and the N-cermiaus. While one or more oligomers may 
be coupled to the salmon calcitonin, a highes activity (improved glucose lowering ability) ia 
observed for the di-conjugated salmon calcitonin where an oligomer is coupled io the ammo 
functionality of Lys ,J and an oligomer is coupled to the amino functionality of Lys'". As yet 
another example, when the drug is human growth hormone, the oligomer may be coupled to 
an amino functionality of Phe\ Lys 58 , Ly**\ Lys' 9 , X,ys ; ", Lys 1 * Lys 1 * Lys 1 ", Lys 16 ', 
asd/arLys 17 *, 

Mixtures of drug oligomer conjugates where each conjugate in the mixmrc has the 
same number of polyethylene glycol subunits may be synthesized by various methods. For 
example, a mixture of oligomers consisting of carboxyiic acid ami polyethylene glycol where 
each oligomer in the mixture has the same number of polyethylene glycol subiasits is 
synthesized by contacting a mixture of carboxylm acid with a mixture of polyethylene glycol 
where each polyethylene glycol molecule ia the mixture has tae same number of 
polyethylene glycol subunits under conditions sufficient to provide a mixture of oligomers 
where each oligomer in the mix ture has the same number of polyethylene glycol sufaunit*. 
The oligomers of the mixture where each oligomer in the mixture has the same number of 
polyethylene glycol auburu'es are then activated so that they are capable of reacting with a 
drug to provide a dnsg-oligomer conjugate. One embodiment of a synthesis route for 
providing a mixture of activated oligomers where each oligomer in the mixture has the same 
number of polyethylene glycol summits is illustrated in Figure 3 and described in Examples , 
11-18 herembelow. Another embodiment of a synthesis route for providing a mixture of 
activated oligomers where each oligomer in the mixture has the same number of polyethylene 
glycol subumts is illustrated in Figure 4 and described in Examples 19-24 hereinbelow. Still 
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whether the isolated molecule is a mono-, dt-, or tri -conjugate) of a particuSar isolated 
conjugate may be determined sad/or verified utilizing various techniques as will be- 
understood by those skilled in the art including, but not bodied to, mass spectroscopy. The 
particular conjugate structure (e.g., whether the oligomer is at Gly*', Phe Bl , Lys 6 " of a 
human insulin monocenjugate) rosy be determined and/or verified utilizing various 
techniques as will be understood fey those stilted in. the art deluding, hut no! limited to, 
sequence analysis, peptide mapping, selective enzymatic cleavage, and/or endopeptidase 
cleavage. 

As wiE be understood by those sailed in the art, one or more of the reaction sites on 
the drag may be blocked by, For example, reacting the drug with a suitable blocking reagent 
such as N~!ert~butoxycarbonyl (t-BOC), or H-(9-£luofenylmeffloxyearoonyi} (Nf-FMOC). 
This process may be preferred, for example, when the drug is a polypeptide and it is desired 
to form an unsaturated conjugate (i.e., a conjugate wherein not all aucleophiJic residues are 
conjugated) having an oligomer at the one or more N-tarroini ef the polypeptide. Following 
each blocking, (be rnixture of blocked drugs may be reacted with me mixture of activated 
oligomers where each oligomer ia the mixture has the same number of polyethylene glycol 
jubtiwts to provide a mixture of diug-oligomer conjugases having oligomers) coupled to one 
or more nucleophiiic residues and having blocking moieties coupled to other nucleophihe 
residues. After the conjugation reaction the drug-oiigo mer conjugates may be de-blocked as 
will be understood by those skilled at the art. if necessary, the mixture of arug-oiigomer 
conjugates may then be separated as described above to provide a mixture of drug-oligomer 
conjugates where each conjugate in the mixture has the same number of polyethylene giycoi 
subunits. Alternatively, the mixture of drug-oligomer conjugates may be separated prior to 
de-blocking. 

Mixtures of drug-aligornsr conjugates where each canjiigaie in She mixture has the 
same number of polyethylene giycoi subunits according to embodiments of the present 
invention preferably have improved properties when compared with those of conventional 
matures. For example, a mixture of drug-wligorner conjugates where each conjugate in the 
mixture has the same number of polyethylene glycol subunits preferably has an in vrvo 
activity that is greater than the in vivo activity of a polydispexsed mixture of drug-oligomer 
conjugates having the same number average molecular weight as the mixture of drug- 
oligomer conjugates where each conjugate in the mixture has the same number of 
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wherein: 

B is a bonding moiety; 
L is a tinker moiety; 

G, C and G 1 ' are individually selected spacer moieties; 

R is a lipopJailic moiety and %'mt polyalkyleBe glycol moiety, or R' is (fee lipophilic 
moiety and R is the poiyalkylene glycol moiety 
T is a terminating moiety; 

h, i, j, k, m and n are individually 0 or t , wife the proviso that when R is the pelyalky! ene 
glycol rnoiety; m is J, and when R' is the poiyalkylene glycol gaiety, n is 1; and 

p is an integer from 1 to the number of nucieophilic residues on the drug. 

According to these embodiments of the present invention R or R' is a poiyalkylene 
moiety. The oligomer may be various oligomers eoroprisiog a poiyalkylene glycol moiety as 
will be understood by those skilled in the art. Preferably, the poiyalkylene glycol moiety has 
at least 2, 3, or 4 poiyalkylene glycol suiwnits. More preferably, (he poiyslkylerte glycol 
moiety has at least 5 or 6 poiyalkylene glycol sufeumts. Most preferably, the poiyalkylene . 
glycol moiety of the oligomer has at least 7 poiyalkylene glycol subutiits. The poiyalkylene 
gfycdi moiety of the oligomer is preferably a lower alky] poiyalkylene glycol moiety such as 
a polyethylene glycol moiety, a polypropylene glycol moiety, or a polybutylene glycol 
moiety. When the polytBcylene moiety is a polypropylene glycol moiety, the poiypropy&ne 
glycol moiety preferably has a uniform structure. Axi exemplary polypropylene glycol 
moiety havmga uzaform structure is as follows: 

,™€>-CH~CH2~0~CH~CHs~0~CH~CTi-C^ra-C^™0-~ 
CHj CRj CH 3 CHj 

This uniform polypropylene glycol structure may be described as having only one methyl 
substituted carbon atom adjacent each oxygen atom in fee polypropylene glycol chant. Such 
uniform polypropylene glycol moieties may exhibit both lipophilic and hydrophilic 
characteristics and thus be useful in providing amphophilic dn>g-oligonwr conjugates without 
She use of lipophilic polymer moieties (i.e., the sum of m + a is 1). Furthermore, coupling the 
secondary alcohol moiety of the polypropylene glycol moiety wife a drag may provide the 
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As will be understood by those skilled is the an, the chain extension pieces* may be 
repealed to achieve various other chain lengths. For example, as illustrated in Figure 13, the 
primary akohol extension dimer 66 may be reacted with she primary alcohol extension dimer 
mesylate 70 to provide a tetramer compound 72. As further illustrated in Flfure 13, a 
generic chain extension reaction scheme involves reacting the primary alcohol extension 
mono- or poiy-mer 73 with the primary aicohoi extension mono- or polymer mesylate 74 to 
provide me uniform polypropylene twlymef 75. The vaines of m and « may each range from 
0 to 1000 or more. Preferably, m and n are each from 0 to SO. While She embodiments 
illustrated in Figure 13 show primary- alcohol extension mono- and/or poly-mers being 
reacted with primary aicohoi extension mono- and/or poiy-mer mesylates, it is to be 
understood that similar reactions may be carried out using secondary alcohol extension 
mono- and/or poly-man and secondary alcohol extension mono- and/or poiy-mer mesylates. 

An end of a primary alcohol extension mono- or poiy-mer or an end of a primary 
aicohoi extension mono- or poiy-mer mesylate may be reacted with a primary alcohol 
capping mono- or poiy-mer mesylate or a primary alcohol capping mono- or poiy-mer, 
respectively, to provide a capped uniform polypropylene chairs. For example, as illustrated ia 
Figure 12, the primary alcohol extension dimer mesylate 70 is rsactad with the primary 
alcohol capping monomer 60 to provide the'espped/ploeked primary aicohoi extension aimer 
73 . As will be understood by those skilled in the art, the B, blocking moiety may be removed 
and the resulting capped primary alcohol extension trimer may be reacted with a primary 
alcohol extension mono- or poly-mcr mesylate to extend the chain of the capped trimer 71 . 

An end of a secondary aicohoi extension mono-or poiy-mer or an end of a secondary 
aicohoi extension mono-or polymer mesylate may be reacted with a secondary aicohoi 
capping mono-or poiy-mer mesylate or asecoodary alcohol capping mono- or poiy-mer, 
rsspecttvsiy, to provide a capped uniform polypropylene chain. For example, as illustrated in 
Figure 12, the secondary aicohoi extension dimer mesylate 67 is reacted with the secondary 
alcohol capping monomer 63 to provide the capped/blocked primary alcohol extension trimer 
6*. The Bi blocking moiety may be removed as described above and the resulting capped 
secondary aicohoi extension trimer may be reacted with a secondary aicohoi extension mer 
mesylate to extend the chain of the capped trimer 68. While the syntheses illustrated in 
Figure 12 show the reaction of a dimer with a capping monomer to provide a trimer, it is to 
be understood that the capping process may be performed at any point in the synthesis of a 
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verified utilizing various Hwhniques as wiiS be understood by (hose skilled to. the art 
mciuding, out not limited to, sequence analysis, peptide mapping, selective enzymatic 
cleavage, and/or e»dopepttdase cleavage. 

As wiii be understood by these skilled ia the art, one or mora of the reaction sites on 
the drag may be blocked by, for example, reacting the drug with a suitable blocking reagent 
such as N-tert-butoxycarbotiyi (t-BOC), or S-Ouorenylmethexycarbonyl) {N-FMOC}. 
This process may be preferred, for example, when me drug is a polypeptide and It is desired 
to Form an unsaturated conjugate (i.e., a conjugate wherem m>t all aueleoehilic residues are 
conjugated! having an oligomer at the one or mors N-termini of the polypeptide. Following 
such blocking, the mixture of blocked drugs may be reacted with (lie mixture of acti vated 
oligomers where each oligomer in the mixtuqe has the same molecular weighs and has a 
structure of the oligomer of Formula A to provide a mixture of drug-oligomer conjugates 
having oligomers) coupled to one or mors nucieophtlk residues and having blocking 
moieties coupled to other nucieophilie residues. After Site conjugation reaction, the drag- . 
oligomer conjugates may be de-blocked as will be understood by those skilled in the art If 
uecessary, the mixture of drug-oligomer conjugates may then be separated as described abov» 
to provide a mixture of drug-oligomer conjugates where each conjugate ia the mixture has the 
same molecular weight and has the structure of Formula A. Alternatively, the mixture of 
drug-oligotner conjugates may be separated prior to de-blocking. 

Mixtures of drug-oUgomer conjugates where each conjugate in me mixture has the 
same molecular weight and has the structure of Formula A according to embodiments of the 
present invention preferably have improved properties when compared with those of 
conventional mixtures. For example, t mixture of drug-oligomea' conjugates where each 
conjugate to the mixture ass the same molecular weight and haa the structure of Formula A 
preferably has an in vrvs activity that is greater than the in vivo activity of a polYdispersad 
mixture of drug-oligomer conjugates having the same number average molecular weight as 
the mixture of drug-oligomer conjugates where each conjugate in the mixture has the same 
molecular weight and has the structure of Formula A. As will be understood by these skfltod 
in the art, the number average molecular weight of the mixture of dru^-oisgomer conjugates 
where each conjugate in the mixture has the same molecular weight and has the structure of 
Formula A and the number average weight of the polydispersed mixture maybe measured by 
various methods including, but not limited to, size exclusion chromaiography such as gel 
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admixed wife, inicraiia. apharra ate Really acceptable earner, lie carrier must, of course, 
be acceptable is the sense of being compatible with any other iagr edients hi (he 
phsrtaaeeuiicd composition ami should not be dejeteiioas to the patient. The carrier may be 
a solid or a liquid, or both, rod is preferably formulated with the mixture of dnig-nHgomer 
eoajagates as « taut-dose formulation, for example, a tablet, which may contain tma about 
0.33 or 0,5% to about 95% or 99% by weight of the mixture of drag-oligpaier conjugates. 
The pharmaceutics} compositions may be prepared by any of the well known tcchry'qaes of 
pharmacy including, Ikis not limited So, admixing the proponents, optionally including one or 
more accessory ingredients. 

The pharmaceutical impositions according to embodiments of the present invention 
include those suitable for oral, recta!, taoicak inhalation {e.g., via an aerosol) buccal {e.g., 
suMtagnai), vaginal, parenteral (e,g., subcutaneous, fetrarmiseutar, intradermal, 
Eaanarticular, intrapleural, intraperitoneal, inraeetebral, mtraarteriai.ormtravenous), topical 
(Le„ both skin and mucosal surfaces, including airway surfaces) and transdermal 
administration, although the most suitable route in any given case wii! depend on the nature . 
and severity of the condition being treated and on fee nature of the particular mixture of drug- 
uligomer conjugates which is being used. 

Pharmaceutical compositions suitable for oral administration may be presented in 
discrete units, such as capsules, cachets, lozenges, or tables, each containing a predetermined 
amount of the mix ture of drag-oHgomer conjugates; as a powder or granules; as a soiutioa or 
a suspension in an aqueous at noa-aqneous liquid, or as an oil-in-wster or w&tsr-in-oii 
emulsion. Such formulations may he prepared by any suitable method of pharmacy which 
includes the step of bringing into association the mixture of drug-aligomer conjugates snd a 
suitable carrier {which may contain one or more accessory ingredients as poted above), fa 
general, the pharmaceutical composition according to embodiments of the present invention 
are prepared by umfcrmly and intimately sdraixing the mixture of drug-oligoraer conjugates 
with a liquid or finely divided solid carrier, or both, and then, if necessary, shaping the 
resulting mixture. For example, a tablet may be prepared by compressing or rooming a 
powder or grannies containing the mixture of drag-nligamer conjugates, optionally with one 
or more accessory ingredients. Compressed tablets may be prepared by compressing, in a 
suitable raachine, the mixture in a free-flowing form, such as a powder or granules optionally 
mixed wish a binder, lubricant, inert diluent, and'er surface aeiiv&'dispersing agent{s). 
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be utilized for synthesizing other drag-oiigomer conjugate mixtare* according to 
embodiraenti of th« ©resect invention. 

A substaBtialJy raoiisdispersed mixture of polymers comprising polyethylene glycol 
moieties is provided as illustrated in reaction I: 
R ! (OC 2 H,),0-X* + ^(OC^OM* R^OC^WOR* j 

R ( is. H or a lipophilic moiety. R ! is preferably H, aikyl, aryl aikyl, an aromatic 
moiety, » fatty acid moiety, an ester of a fatty acid moiety, eholesteryl, or adsmaatyl &' U 
more preferably H, lower alky], or an aromatic moiety. R ! is most preferably K, methyl, or 
bemsyL 

In Formula I, n is from \ to 25, Preferably si is from i to 6. 

X* is a positive ion. Preferably X* is any positive ion ia a cortmound, such as a strong 
base, that is capable of ionizing a hydroxy! moiety on PEG. Examples of positive ions 
include, but are not limited to, sodium ions, potassium ions, lithium ions, cesium ions, arid 
thallium ions. 

R 3 U H or a lipophilic moiety. R ! is preferably linear or branobed alky!, aryl alky], an 
aromatic moiety, a fatty acid moiety, or an ester of *&tty acid moiety. R 1 is more preferably 
lower attcyi , benzyl, a fatty acid moiety having 1 to 24 carbon stoma, or an ester of a fatty 
acid moiety having 1 to 24 carbon atoms. 8* is most preferably methyl a fatty acid moiety 
having I to i S sarbors atoms or aa ethyl ester of a fatty acid moiety having t to 3.8 carbon 

In Formula fi, m is from 1 to 25. Preferably m is from i to 6. 
Ms is a mesylate moiety (i.e., CH 3 S{Qd-). 

As illustrated in reaction I. a mixture of compounds having the structure of Formula 1 
is reacted with a mixture of compounds having the structure of Formula II to provide a 
mixture of polymers comprising polyethylene glycol moieties and having the structure of 
Formula HI The mixture of compounds havmg the structure of Formula I is a substantially 
monodispei sed mixture. Preferably, at least about 96, 97, 98 or &9 percent of the compounds 
in fte mixture of compounds of Formula t have fee same molecular weight, and, more 
preferably, the mixture of compounds of Formula ! is a moaodispersect mixture. The mixture 
Of compounds of FormnkB is a substantially mooodispcrscd mixture. Preferably, at least 
about 96, 97, 98 or 99 percent of the compounds in the mixture of compounds of Formula H 
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have the same molecular weigh*, and, more preferably, the mixture of confounds of Formula 
V is a raonodisperscd mixture. The mixture of compounds of Formula M is a substantially 
monodispersed mixture Preferably, at least about 94 97, 58 or 99 percent of fee compounds 
m the mktuxe of compound of Formula til have the same molecular weight. More 
preferably, the mixture of compounds of Formula HI is s rxtoaodisperseti mixture. 

Reaction I is preferably performed berweea about 0°C and about 40*C, is mere 
preferably performed between about 15 e C and about 35 e C, and is most preferably performed 
at room temperature {approximately 3S"C>. 

Reaciiors 1 may bw performed for various periods of time as will be understood by 
those skilled in the art. Reaction i is preferably performed for a period of time between 
about 0.25, 0.5 or 0.75 hours and about 2, 4 or S hours. 

Reaction 1 is preferably carried out in an aprctie solvent such as, but not limited to, 
N,N^m*eUvylacetaraide (DMA), N,N-dmmihylfoHruu«ide (DMF), dimethyl sulfoxide 
(DMSO), hexaroemyhihospbork triamide, terrahydrofttran fTHF), dioxane, diethyl ether, 
methyl t-tawtyl ether (M'TBE), toluene, benzene, bexsae, pentane, N-mefey!pyro!Sidinone, 
terrahydronaphthalerie.decahydro^^ 1,2-dichJorobetaene, t,3-daa«byi-2- 

imtdaaoiidincoe, or a mixture thereof. More preferably, (he solvent is BMP, DMA or 
toluene, 

The molar ratio of the compound of formula t to the compound of Formula H is 
preferably greater than about l:i. More preferably, the molar ratio is at least about 2; I . By 
providing an excess of the compounds of Formula I, one can ensure that substantially all of 
the compounds of Formula tl ate reacted, which may aid in the recovery of the compounds of 
Formula HI as discussed below. 

Compounds of Formula fare preferably prepared as illustrated in reaction 2: 

R'fOC^OH + — — RkOC^OX 2 
outfit PEG moiety of 
{!¥) ForamialV (1) 

R l and X* are as described above and the mixture of compounds of Formula TV is 
substantially mooodispersed; preferably, at least about 9o, 97, 98 or 99 percent of the 
compounds in the mixture of compounds of Formula IV have the same molecular weight; 
and, more preferably, the mixture of compounds of Formula IV us a monodispersed mixture. 

Various compounds c apable of ionizing a hydroxy! moiety on the PEG moiety of me 
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conqjouad afForaaoia IV wjjj be understood by those skilled ia the ant The compound 
capable of ionizing a hydroxy! moiety is preferably a strong base. More preferably, the 
compound capable of iorasriag ahydroxyl moiety is selected from the groap consisting of 
sodium hydride, potassium hydride, sodiian Msatatide, potassium t-butexide, butyl Utfasum 
{8»Li), and lithium diisopTOpyiamine. The compound capable of ionizing a hydroxy! nwiety 
is more preferably sodium hydride. 

The moiar ratio of the compound capable of ionizing a hydroxy! moiety on the PEG 
moiety of the compound of Formula IV' to the compound of Formula IV is preferably at least 
about 1:1. and is more preferably at least about 2:1. By providing m excess of the compound 
capable of ionizing the hydroxy! moiety, it is assured that substantially ail of the compounds 
ofForroula TV are reacted to provide the compounds of Formula I Thus, separation 
difficulties, which may occur if boiii compounds of Formula IV and compounds of Formula I 
were present in the reaction product mixture, may be avoided. 

Reaction 1 is preferably performed between about 0*C and about 4!TC, is more 
preferably performed between about G°C and about 35°C, arid is moat preferably performed 
between about 0°C and room temperature (approximately 25°C). 

Reaction 1 may be performed for various periods of time as will be understood by 
those skilled in the art. Reaction 2 is preferably performed for a period of time between 
about 0.25, 0.5 or 0.75 hours arid about 2, 4 or $ hours. 

Reaction I is preferably carried out m an aprotic solvent such as, but not limited to, 
N.N-dimethyiscetamida (DMA), N,N-diroethylforauw»'de £DMF), dimethyl sulfoxide 
(DMSO), hexamethylphosphoric trsamide, tetrahydrofwm £TKF), dioxane, diethyl ether, 
metbyl t-buryt ether (MTBE), toluene, benzene, hexane, pentane, N-methylpyroilidinorie, 
mchlorometbane,OBJorofofm, te^ydrosaphdBJeae^decabydrottapJjtfealeoe. 1,2- 
diohlorofeerecene, M-dimemyW-imidaxolidinone, or a mixmre thereof. More preferably, She 
so! vest is DMF, dicrdoraraetharw ortefewsoe. 

Compounds of Formula .0 are preferably prepared as iliusirated in reaction 3: 
O 

R*(OC : hU,OH + CHjSQ *■ ^{OC^^OMs 3 

(V) 0 fO) 

R 1 and Ms are as described abo ve and the compound of Formula V is present as a 
su&atarsii&ay moaooispersed mixture of compounds of Formula V; preferably at least about 



